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IN 1898, Barnes! reported “a supposed new 
disease” occurring in Australian cattle, 
which was characterized by wasting, di- 
arrhea, and anemia. He attributed the 
symptoms observed to infection with the 
nodular worm, Oesophagostomum radiatum. 
Ten years later, Marotel* made the first 
detailed study of the disease in naturally 
infected European cattle and named it 
esophagostomose nodulaire (nodular esoph- 
agostomiasis). He found that it appeared 
in young calves about two months after 
they had been turned out on pasture, and 
that it could be recognized clinically by the 
presence of a greenish, watery diarrhea, 
which was expelled in jets with consider- 
able force from the anus. The anorexia 
and dehydration accompanying the diarrhea 
caused progressive emaciation, fatal in 
many instances within two to three months. 
Although, at the time of Marotel’s study, 
nodular esophagostomiasis was a relatively 
new disease in European cattle, it was 
thought to be of considerable potential 
economic importance. 

Since 1908, nodular esophagostomiasis of 
cattle has been reported from many differ- 
ent countries. In so far as the available 
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sources of information have made possible 
the completion of the list, these countries, 
together with the references to the litera- 
ture, are as follows: Algeria,* Australia,*-° 
Brazil,’ Chile,"'° Gold Coast Colony," 
India,'* Italy,'* Morocco,'* Philippines,'*-'* 
Puerto Rico,'’:** Rhodesia,?! South Afri- 
ca,***> and the United States.**-*" 

In spite of the fact that bovine esopha- 
gostomiasis appears to be serious, as well 
as rather common and widespread, very 
little experimental work has been done on 
it up to the present time. So far as is 
known to the writers, only four papers, 
Delaune,** Delaune and Mayhew,?®*° and 
Mayhew," report clinical observations on 
calves after artificial infection with larvae 
of O. radiatum. 

The data reported in this paper were ob- 
tained during an experimental study of the 
possible relationship between infection of 
calves with O. radiatum and the occurrence 
in calves in Puerto Rico of a condition 
known as “tropical diarrhea.” The life his- 
tory of O. radiatum and the intestinal pa- 
thology produced by the larvae of this 
nematode, respectively, have been given by 
the writers in two previous papers.**:** The 
clinical data obtained during this same in- 
vestigation, together with their relation to 
previous observations reported, are pre- 
sented. 


MATERIALS AND METHODS 


The calves used were male grade Holstein- 
Friesians and Jerseys secured from dairy farms 
in the vicinity of San Juan. They were sepa- 
rated from their mothers within twenty-four to 
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forty-eight hours after birth, and transferred 
to pens with concrete floors, which were washed 
daily with running water. Calves 1 to 5, in- 
clusive, remained at the dairy for a period of 
two weeks after birth and were allowed access 
to their mothers twice a day. They were then 
brought to the School of Tropical Medicine. 
Calves 8 to 15,* inclusive, were not allowed to 
remain with their mothers, but were brought 
to the school within a few days after birth. 
The calves were then fed whole cow’s milk 
which was gradually replaced by powdered 
skim-milk in water. The milk was supple- 
mented with a commercial, ground calf-feed 
mixture and hay and was gradually reduced 
in quantity as the calves were able to eat more 
concentrates and roughage. Cured alfalfa 
and timothy hay were fed exclusively for 
roughage, as there was danger of infecting 
the calves with parasites carried on the fresh 
green grass commonly used in Puerto Rico in 
place of hay. Water was kept before the 
calves at all times. 


The stalls at the School of Tropical Medi- 
cine in which the experimental calves were 
kept were made of concrete, but had wooden 
floors which were cleaned daily with running 
water. These sanitary measures appeared to 
be sufficient to prevent the calves from acquir- 
ing extraneous worm infections, except as 
noted in connection with the discussion of 
table 1. 


For the purpose of infecting the experimen- 
tal calves, eggs obtained from female speci- 
mens of O. radiatum were cultured in a mix- 
ture of helminthologically sterile calf manure 
and granular bone charcoal moistened with 
distilled water. The infective larvae develop- 
ing from the eggs were then administered in 
water by mouth to calf 1 by means of a fun- 
nel and rubber tube. The larvae obtained by 
culturing the worm eggs in the feces of calf 
1 were in turn administered by mouth to the 
experimental calves, according to the dose rate 
indicated in table 1. 


For some time previous to the administra- 
tion of the larvae and during the experimental 
period, the calves were weighed once a week. 
This was done before feeding in the morning, 
after the water had been removed from the 
pens the night before. Unless this procedure 
was followed, the weights obtained were found 
te be unreliable. Approximately 5 cc. of blood 
were taken from the jugular vein of each calf 
at weekly intervals. The total number of red 
and white cells per cmm. of blood, the amount 
of hemoglobin in Gm. per 100 cc., the cell- 
volume percentage of packed red cells, and the 
icteric index were ascertained for each sample. 


*Calves 6 and 7 died before they could be experi- 
mentally infected. The original numbers given the 
calves were retained to avoid confusion. 


Blood smears were stained with Wright’s stain 
and the relative percentage of the different 
types of white cells was recorded. A few 
smears from the anemic calves were made with 
blood stained with brilliant cresyl blue and 
were examined for reticulocytes. Fecal exam- 
inations were made at intervals to ascertain 
the date on which worm eggs first appeared 
in the feces. Egg counts were then made once 
a week by means of the centrifugal, salt-flota- 
tion method, and the number of worm eggs 
per Gm. of feces was recorded. 

During the entire experiment, the calves 
were observed daily for changes in body tem- 
perature, appetite, general appearance, and 
behavior. The consistency of the feces was 
also noted. Postmortem examinations were 
made on all animals used in the experiments. 


EXPERIMENTAL DATA 


Data on the Experimental Calves and 
Their Worm Infections.—The data pertain- 
ing to the age and weight of the experi- 
mental calves, the number of infective lar- 
vae of O. radiatum administered, the onset 
of the diarrhea following their administra- 
tion, its duration, the number of nodular 
worms recovered, and the pathological con- 
dition of the intestine observed post mortem 
are recorded in table 1. 


DISCUSSION OF DATA IN TABLE 1 


The data in table 1 show that the calves re- 
ceiving large doses of infective larvae of O. 
radiatum developed a severe diarrhea which 
continued for 73 and 186 days, respectively, 
in the two calves not killed for postmortem 
examination while still showing symptoms of 
the disease. That this diarrhea was due to 
nodular worm infection was indicated by the 
pathological condition of the intestine, by the 
recovery of specimens of O. radiatum from 
the intestine, and by the fact that the control 
calves exhibited no symptoms of infection. 

A few parasites other than O. radiatum 
were present in both experimental and control 
calves. Their presence has been accounted 
for in the paper dealing with the pathology of 
bovine esophagostomiasis.** Since these para- 
sites were present in both groups of calves, 
they are not considered as influencing the re- 
sults of the experimental infection with O. 
radiatum. 

It will be seen from the data in table 1 that 
the so-called control calves harbored a few 
nodular worms at one time or another during 
the investigation. It has already been stated, 
in the preceding section of this paper, that 
calf 1 was infected with nodular worm larvae 
and was used as a source of :afective material 
for administration to the remaining experi- 
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nental calves. Calf 4 was given Baermann 
residues in order to ascertain whether or not 
there were other factors in the fecal cultures, 
besides the nodular worm larvae, which might 
be causing the diarrhea in calves 2 and 5. 
The result of the experiment was negative, in 
that diarrhea did not follow the administration 
of the residues, but the few larvae of O. radi- 
atum which were present in them eventually 
matured and were recovered as adults from 
the cecum. Calf 12, although given a fairly 
large number of larvae, exhibited only one 
sharp rise in body temperature four days after 
infection (fig. 1), but showed no other symp- 
toms. Since these three calves did not de- 
velop diarrhea, show any pathological changes 
in their blood cells or hemoglobin, nor exhibit 
any interference in their rate of growth, they 
were, for the purposes of this paper, consid- 
ered control calves. 


CLINICAL OBSERVATIONS 
In order that the clinical observations 


might more easily be seen in their true rela- 
tionships to each other and to the period of 
infection, the essential data were recorded 
graphically in figures 1 to 4, inclusive. In 
figures 2 to 4, the observations on the in- 
fected calves are presented together with 
the red blood cell counts and weight curves 
of their respective controls. Data on the 
hemoglobin, the cell-volume percentage of 
packed red cells, and percentage of poly- 
morphonuclear leucocytes for the control 
calves are not shown since their inclusion 
would have complicated the reading of the 
graph. The data on the total number of 
white cells per cmm. of blood, the relative 
percentages of lymphocytes, eosinophiles, 
basophiles, and monocytes, the number of 
reticulocytes, and the icteric index are re- 
ported in the text. 


TABLE !|—Data on Experimental Calves and Their Nodular Worm Infections 


No. oF 
LARVAE 
AD- 


WEIGHT AT 


AGE AT START START OF AND: 


DAYS BETWEEN 
FIRST INFECTION OF 


No, OF 
SPECIMENS 
OF 
Oesoph- 
agos- 
tomum 
radia- 
tum 


DIAR- PATHOLOGICAL 


CALF OF INFECTION INFECTION 


OF INFECTION MINIS- 
No. WEEKs Days (Les. ) 


TERED* 


DIAR- 
RHEA 


AU- 
TOPSY 


CONDITION OF 
INTESTINES 


RECOV- 
ERED 


RHEA 
(Days) 


SINGLE INFECTIONS 


17,000 
20,000 
35,000 
52,000 


20,000 17 


Small red spots containing 
larvae. No inflammation. 
Small red spots containing 
larvae. No inflammation. 
Intense inflammation of 
ileum and cecum, 

Intense inflammation of 
ileum and cecum. Edema. 
Hemorrhagic nodules. 
Slight irritation. Intestine 
practically normal. 


MULTIPLE INFECTIONS 


163,000 12 
(7) 


155,000 


15 
11 


100 88 


Intestinal walls greatly 
thickened and studded 
with nodules. Great in- 
flammation. 
Intense _ inflammation. 
Edema of intestinal wall 
and mesentery pro- 
nounced. Mucosa hemor- 
rhagic. 

No active inflammation 
Nodules large, caseated. 
Intestinal wall not greatly 
thickened or edematous. 
Intestine normal. 


Many small cheesy 
nodules. 


CONTROL CALVES 


6 4 7 
1 3§ y 7 
4 5 


484 
193 


Intestine normal. 
Intestine normal. 
Intestine normal. 


*Figures in parentheses are the number of doses. 
Interval 


when Baermann residues were administered. 
and autopsy. 


weight 


+No diarrhea. tNot counted. §Age and ‘ 
residues 


between administration of Baermann 


3 
15 2 0 70 5 t 
a 9 11 0 108 6 19 13 2,505 
s 10 4 0 71 { 10 6 8,800 
14 8 2 70 32 15 3,200 
3 23 6 280 | 20 33 13 16,000 
(31) 
5 15 6 168 260,500 23 241 186 43 
(12) 
11 14 6 179 136,000 307 73 20 
(4) 
(2) 
1 0 
4 2 15 
12 2 We 4 
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CHANGES IN BopY TEMPERATURE 


The variations in body temperature of 
seven infected calves, together with the 
temperatures of four uninfected controls, 
are shown in figure 1. These temperatures 
were taken early in the morning before the 
animals were fed. Since the observations 
on calf 14 (fig. 1, graph B) were made ata 
time when there was no calf available for 
the securing of control temperatures, the 
normal temperatures of calf 11 for the same 
number of days as that covered by the tem- 
peratures of calf 14 during its period of in- 
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fection were used in making up a control 
curve. The same thing applies to graph D of 
figure 1. The temperature changes shown 
by calves 12 and 13 (fig. 1, graph C) oc- 
curred at approximately the same time 
after infection and since there appeared to 
be no difficulty in associating these changes 
with the dates of infection, they were 
plotted together. 


The data recorded in graphs A and B of 
figure 1 show that there were two separate 
and distinct rises in the body temperatures 
of calves 10 and 14 to 104 F. or above, fol- 
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Fig. |—Variations in the body temperature of infected 


and control calves. 
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wing the administration of a single dose 
‘ nodular worm larvae. The first occurred 
our days after infection; the second, four 
days later. Calves 12 and 13 (graph C) 
showed distinct rises in body temperature 
our and five days after infection, respec- 
tively, but exhibited no second reaction. 
Calf 11 (graph D), on the other hand, ex- 
nerienced no rise in temperature until ten 
days after infection. Calf 2 (graph E) 
showed two rises in body temperature to 
104 F. or above, at intervals corresponding 
to those shown by calves 10 and 14. In this 
instance, however, the increases occurred 
after multiple infection. Calf 5 (graph F) 
experienced only one rise in temperature, 
but since the increase occurred four days 
after the administration of one dose and 
ten days after the administration of an- 
other, it was impossible to ascertain which 
dose of larvae was responsible for it. Con- 
trary to the above-mentioned findings, calf 
3 (not shown on graph) showed no increase 
in body temperature at any time during the 
period of infection, although it received 
5,000 nodular worm larvae daily for thirty- 
three consecutive days (See table 1). 


The two rises in body temperature which 
were found to occur in calves infected with 
O. radiatum coincided with two phases in 
the life history of this nodular worm with- 


in the host. The first appeared to indicate 
a host reaction to the presence of the newly 
arrived, third stage larvae in the tissues 
of the intestinal wall, and the second was 
coincident with the exit of the fourth stage 
larvae from the mucosa, at the end of the 
intranodular phase of their development. 
The second rise seemed to indicate a host 
reaction to further traumatic injury to the 
intestine caused by the migrating larvae. 
The absence of any one of these tempera- 
ture changes may be explained by the fact 
that the number of larvae present in or 
leaving the mucosa at any one time was not 
sufficient to cause a systemic reaction on 
the part of the host. 


DISCUSSION OF DATA IN FIGURE 2 


The graphs in figure 2 show that, as far as 
the data recorded are concerned, no abnormal 
changes occurred in calf 2 prior to the admin- 
istration of nodular worm larvae. Shortly 


after the beginning of the period of infection, 
during which a total of 113,000 nodular worm 
larvae were administered, calf 2 began to 
appear dull and listless and to have symptoms 
of diarrhea accompanied by anorexia. This 
intestinal disturbance was reflected in the 
weight of the calf, which remained practically 
stationary for the next several weeks. At the 
time control calf 4 was destroyed, it weighed 
101 lb. more than calf 2. Within the next 
month, calf 2 recovered rapidly, and although 
the diarrhea had not ceased completely at the 


TABLE 2—Number of Lb. Gained by Infected 
and Control Calves 


WEIGHT 
AT WEIGHT LENGTH 
BEGIN- AT OF 
NING OF END OF TOTAL EXPERI- 
EXPERI- EXPERI- GAIN MENTAL GAIN OR 
MENTAL MENTAL OR PERIOD Loss 
PERIOD PERIOD Loss IN DAYS PER DAY 
( LB.) (LB. ) (Ls.) (No.) 


INFECTED CALVES 


Average gain per day 
Standard deviation 


CONTROL CALVES 


Average gain per day 
Standard deviation 


time of autopsy, the calf was gaining weight 
at practically the same rate as_ before 
infection. 

The number of red cells per cmm. of blood 
in calf 2 increased shortly after the end of 
the period of infection, but no significance 
could be attached to this change, since it also 
occurred in the control calf at approximately 
the same time. Almost immediately after- 
ward, however, the number of red cells per 
cmm. of blood decreased until it had dropped 
to nearly 50 per cent of normal, six weeks 
after the completion of infection. No reticu- 
locytes were found in the blood during this 
period and the icteric index remained normal. 
In calf 2, spontaneous recovery from the 
anemia took place and within another six 
weeks, the number of red cells had returned 
to normal. During this entire period, the 
variation in the number of red cells was paral- 
leled by corresponding changes in the hemo- 
globin and in the cell-volume percentage of 
packed red cells. 

The only significant variation occurring in 
the white blood cells after infection was an 


|| 
| 
| 
CALF | 
No. | 
F — 
9 108 113 5 19 0.26 
10 71 70 —1 10 0.10 
j 14 70 81 11 32 0.34 
2 190 191 6% 0.01 
i 3 280 289 4 33 0.27 
- 5 168 233 65 135 0.48 
11 179 258 79 &8 0.90 
13 174 139 35 51 0.68 | 
0.19 
P 1 117 339 222 184 1.21 
& { 212 292 80 54 1.48 
E 12 98 293 195 161 1.21 
> 1.30 
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increase in number from 8,000 to 20,600 per 
cmm. of blood. This increase was coincident 
with an increase in the relative percentage of 
polymorphonuclear leucocytes to more than 
50 per cent of the total, about the fourth week 
after the last dose of larvae was administered. 
The total number of white cells and the per- 
centage of polymorphonuclear leucocytes then 
dropped rapidly to normal. 

The two additional doses of 20,000 and 
30,000 larvae, respectively, were administered 
to calf 2 on the dates indicated by the arrows 
and appeared to cause slight changes in the 


the development of the anemia apparently 
occurred during the larval stages of O. radi- 
atum, extensive hemorrhages were not ob- 
served post mortem, nor were there quantities 
of blood present in the feces at any time dur- 
ing or subsequent to the period of infection. 
The polymorphonuclear leucocytosis, however, 
appeared to be definitely associated with the 
repair of lesions produced by the nodular worm 
larvae in the intestinal wall. 

One of the more significant findings shown 
in figure 2 was the period of twenty-nine days 
between the onset of the diarrhea and the first 
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Fig. 2—Data on infected calf 2 and control calf 4. 


blood cells similar to those produced by pre- 
vious doses. No abnormal changes occurred 
in the blood of control calf 4. 

The cause of the anemia in calf 2 was not 
definitely determined. Although this anemia 
reached its maximum at approximately the 
same time as the number of worm eggs per 
Gm. of feces reached its maximum, no direct 
connection could be made between the anemia 
and any particular phase of the life history of 
O. radiatum. While the changes leading to 


appearance of nodular worm eggs in the feces. 
During this period it was impossible to make 
a positive diagnosis of the cause of the in- 
testinal disturbance since there was nothing in 
the feces upon which to base such a diagnosis. 
Even after the appearance of worm eggs in 
the feces, the number of ova per Gm, was so 
small that it would be unlikely to cause one to 
suspect the nematode infection producing them 
as being the cause of the diarrhea. 

It will be seen that although the diarrhea 
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in ealf 2 apparently was initiated by the pene- 
tration of the larvae into the intestinal wall, 
it continued for eighty-eight days, a period 
much longer than that necessary for the 
nematodes to complete their intranodular de- 
velopment. The inflamed and edematous con- 
dition of the wall of both the latter half of 
the small intestine, and the large intestine, 
found at autopsy, would interfere seriously 
with the absorption of digested food material 
and with the resorption of water from the 
intestinal contents, respectively. The latter 
would explain the presence of excess fluid in 
the feces and the continuation of the diarrhea 
long after the worm infection had ceased to 
be an active factor in the disease. 


DISCUSSION OF DATA IN FIGURE 3 


The data in figure 3 are similar to those in 
figure 2, except that the polymorphonuclear 
response of calf 5 was smaller and the length 
of the period during which observations were 
made was considerably longer. 

As in the preceding instance, no abnormal 
changes were noted in calf 5 prior to infection. 
Shortly after the beginning of the period of 
infection, during which 132,500 nodular worm 
larvae were administered, calf 5 developed 
symptoms of diarrhea which were accompanied 
by anorexia. With the onset of these symp- 


toms, the weight of the calf began to decrease 
and by the end of the experimental period, the 
difference between the weights of calves 5 and 
1 was 102 lb., almost exactly the same as the 
difference recorded between calves 2 and 4 in 


the preceding figure. In the present instance, 
although the observations were continued un- 
til calf 5 had completely recovered from the 
disease, the animal apparently was unable to 
regain the weight lost during the time it was 
suffering from clinical esophagostomiasis. 

Calf 5 also experienced an initial increase 
in the number of red cells per cmm. of blood 
shortly after the nodular worm larvae were 
administered, but since the control calf ex- 
hibited a similar increase at approximately 
the same time, little significance could be at- 
tached to this change. Calf 5 later developed 
an anemia of approximately the same intensity 
as calf 2 at about the same interval after the 
completion of infection, which bore the same 
relation to the maximum number of worm 
eggs per Gm. of feces as in calf 2. The hemo- 
globin and cell-volume percentage of packed 
red cells followed closely the changes in the 
number of red blood cells, as in the former 
instance. No reticulocytes were encountered 
in the blood smears and the icteric index re- 
mained normal throughout the period of 
observation. 

Calf 5 exhibited a distinct polymorpho- 
nuclear leucocytosis following infection, as did 


calf 2. This increase was reflected in an in- 
crease in the total number of white cells from 
7,000 to 12,700 per cmm. There were no sig- 
nificant changes among the other types of 
white cells. As in the case of calf 2, the addi- 
tional dose of larvae administered on the date 
indicated by the arrow had the same effect as 
the earlier ones, but to a much lesser extent. 
Control calf 1 showed no symptoms of infec- 
tion. 

The cause of the anemia in calf 5 was as 
obscure as in calf 2, since there was no evi- 
dence of severe hemorrhage nor of hemolysis 
which could account for the decrease in the 
number of red cells in these animals. 

A period of about three weeks intervened 
between the beginning of the diarrhea and 
the appearance of worm eggs in the feces of 
calf 5, so that the disease again presented 
the same difficulty of early diagnosis as in 
calf 2. While the number of worm eggs per 
Gm. of feces was somewhat greater than in 
calf 2, it was still so small that it would not 
ordinarily cause suspicion to fall upon the 
worm infection as the cause of the diarrhea, 
unless the eggs were cultured and the larvae 
identified as nodular worm larvae. 


The intestinal disturbance in calf 5 per- 
sisted for 186 days, with short periods toward 
the end of this time when the feces were 
mushy rather than diarrheic. Just prior to 
autopsy, all external signs of the disease had 
ceased, but the remains of the nodular lesions 
observed post mortem indicated that the same 
factors had played a part in the production 
and continuation of the diarrhea in this calf 
as in calf 2. The recovery, as adult worms, 
of but 43 of the 260,500 larvae administered to 
calf 5 may be explained by the delay in per- 
forming the autopsy until after the disease 
had run its course. 


DISCUSSION OF DATA IN FIGURE 4 


The data in figure 4 show the same general 
picture as those presented in figures 2 and 3, 
except that the recovery half of the cycle is 
absent. Diarrhea typical of the infection be- 
gan eleven days after the administration of 
75,000 larvae (indicated by vertical line) and 
continued for forty days, when calf 13 was 
found in a moribund condition and was de- 
stroyed. During the period of infection, the 
weight of this calf decreased from a maximum 
of 177.5 to 139 Ib., so that on the day of 
autopsy, calf 13 weighed 154 Ib. less than 
control calf 12. 


Although calf 13 appeared to be a weak 
calf, as is shown by its slow increase in weight 
from the beginning, it should be noted that 
there was no diarrhea nor pathological blood 
picture prior to the administration of the 
nodular worm larvae. Furthermore, the symp- 
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Fig. 3—Data on infected calf 5 and control calf |. 


tomatology shown by this calf following in- 
fection was typical of that observed in calves 
2 and 5. 

As in the preceding instances, no signifi- 
cance could be attached to the initial rise in 
the number of red cells per cmm., since a 


similar change took place in control calf 12. 
This peak in the number of red cells, however, 
was followed in the infected calf by a rapid 
decrease, which reduced the number to 2.25 
million per cmm, just prior to autopsy. The 
hemoglobin and cell-volume percentage fol- 
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lowed closely the changes in the red cells; no 
reticulocytes were encountered in the blood 
smears, and the icteric index remained normal. 

The polymorphonuclear leucocytosis found 
in ealves 2 and 5 also occurred in calf 13, but 
in this instance, there was no apparent in- 
crease in the total number of white cells. This 
failure of the infection to bring about an in- 
crease in the total number of white cells was 
apparently due to the absence of any effective 
resistance to the infection on the part of the 
calf because of its poor physical condition. 
There were no significant changes in the re- 
maining types of white cells. During the 
period in which calf 13 was under observation, 
control calf 12 showed no significant patholog- 
ical changes in the blood picture, nor did it 
develop diarrhea. 

Although 3,086 nodular worms were re- 
covered from the intestine of calf 13, worm 
eggs were never found in the feces because 
the nematodes did not reach egg-laying matur- 
ity before the death of thé animal. A positive 
diagnosis of nodular worm infection could, 
therefore, not be made prior to autopsy. 


ADDITIONAL OBSERVATIONS 


From the remaining infected calves men- 
tioned in table 1, certain data were obtained 
which either support the findings already 
reported or indicate significant variations 
occurring in the picture presented thus far. 

Calves 14 and 11 showed typical decreases 
in the number of red cells to slightly more 
than 4 million per cmm. of blood, and a 
polymorphonuclear leucocytosis of 52 and 
29 per cent, respectively, following infec- 
tion. The leucocytosis was paralleled by a 
corresponding increase in the total number 
of white blood cells per cmm. As in the 
preceding instances, no reticulocytes ap- 
peared in the blood of these two animals 
and the icteric index remained normal 
throughout the period cf observation. 


Calf 3, on the other hand, although it had 
received a total of 100,000 nodular worm 
larvae in doses of 5,000 per day for twenty 
consecutive days, showed no symptoms of 
infection prior to the twentieth day when 
the feces began to soften. The number of 
red cells per cmm. of blood remained nor- 
mal during the entire period of infection, 
as did the hemoglobin. However, on the 
day calf 3 was examined at autopsy, thir- 
teen days after the onset of the diarrhea, 
the volume per cent of packed red cells 
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showed a slight drop. This decrease was 
not accompanied by a corresponding de- 
crease in the number of red cells. There 
was polymorphonuclear leucocytosis, 
nor increase in the total number of white 
cells. Reticulocytes were not found in the 
blood smears and the icteric index remained 
normal. That a serious pathological condi- 
tion did exist in the intestine of the calf 
is indicated by the data given in the last 
column of table 1 and by figure 5 A, which 
shows calf 3 in an attitude typical of the 
calves showing symptoms of esophagosto- 
miasis. (Note particularly the raised tail, 
which was indicative of the almost constant 
tenesmus associated with early stages of 
the disease.) These observations show that 
a severe nodular worm infection may be 
built up in a calf without any external sign 
of infection, provided that the larvae are 
acquired regularly and in the proper num- 
bers. 

No further observations were made on 
calves 8, 15, 9, and 10, since these calves 
were used primarily for the study of the 
life history of O. radiatum and little atten- 
tion was paid to the clinical picture pre- 
sented by them. 


EFFECT OF NODULAR WORM INFECTION ON 
GAIN IN WEIGHT 


The foregoing data have already indi- 
cated that the diarrhea and accompanying 
anorexia and dehydration appear to have a 
marked effect on the ability of the infected 
calves to gain weight. This fact is further 
emphasized in table 2 where the weight 
gained per day by the infected calves as a 
group is shown to be about one-seventh of 
that gained by the uninfected control calves 
during the indicated experimental periods. 

The change in the outward appearance 
of a calf infected with O. radiatum is shown 
more strikingly in figure 5, B to F, inclu- 
sive. B, C, and D, figure 5, show calf 5 on 
June 12, Aug. 15, and Sept. 14, 1939, re- 
spectively, and illustrate the change in the 
appearance of this calf in the three-month 
period during which it suffered from nodu- 
lar worm infection. E and F, figure 5, are 
included to show the comparative size and 
appearance of calves 5 and 2, respectively, 
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Fig. 4—Data on infected calf 13 and control calf 12. 


as compared to uninfected control calf 1, DISCUSSION 

which was of practically the same age as The present investigation has shown that 
the two infected calves with which it is the clinical aspects of the disease produced 
compared. (Note the emaciated condition experimentally by the administration of 
and the soiled and roughened coat of the large numbers of infective larvae of O. 
infected calves.) radiatum by mouth to healthy calves were 
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identical with those which have previously 
heen associated with naturally acquired 
nodular worm infections in cattle, so far as 

uuld be ascertained from the available 
iescriptions. 

The smallest single dose of larvae which 
produced clinical symptoms of nodular 
worm disease in the experimental calves 
was 20,000. Veglia,** however, was able to 
produce symptoms of esophagostomiasis in 
sheep by the administration of a total of 
1,000 larvae of Oesophagostomum colum- 
bianum in doses of 200 larvae every three 
days. 

According to the data reported in this 
paper, the first definite symptom of esopha- 
gostomiasis in cattle was a sharp, transient 
rise in body temperature occurring on the 
fourth or fifth day after infection. This 
rise was followed, in three instances, by a 
second increase in temperature five to seven 
days later. Although Veglia** noted high 
fever in lambs after artificial infection with 
O. columbianum, he did not report sharply 
defined rises in temperature separated by a 
period of normal temperature, as was ob- 
served in the infected calves during the 
present investigation. 


The second and most prominent and char- 
acteristic of the symptoms presented by the 
experimental calves was a greenish, watery 
diarrhea, which began shortly after the be- 
ginning of infection and lasted for periods 
up to 186 days after the onset. Mayhew*! 
associated the diarrhea he observed in 
calves following artificial infection with 
nodular worm larvae with the maturing 
of these nematodes in the intestine. The 
diarrhea observed during the present 
investigation was apparently closely cor- 
related with the tissue invasion and at- 
tendant inflammation produced by the 
activities of the migrating larvae of O. 
radiatum in the intestinal wall rather than 
to any activity on the part of the adult 
nematodes. This finding agrees with Rob- 
erts,® who stated that in severe cases of the 
disease, the immature forms of O. radiatum 
can seriously affect the health of an animal. 
Veglia** reported the occurrence in lambs 
of a dark, fetid, fluid diarrhea containing 


mucus beginning on the fifth to seventh 
day and containing blood beginning about 
the tenth day after infection with O. colum- 
bianum. Some of the lambs died as early as 
the fourteenth day after infection. In the 
present experiment, although the diarrhea 
exhibited by the infected calves continued 
for several weeks, only one calf died, forty 
days after the onset of the symptoms. Both 
Roberts® and Veglia** reported the occur- 
rence of considerable amounts of blood in 
the feces of calves and sheep, respectively, 
which were suffering from esophagostomi- 
asis, but little blood was observed by the 
writers in the feces of the calves studied 
during the present investigation. 


The third symptom shown by the infected 
calves was a sharp, transient rise in the 
relative percentage of polymorphonuclear 
leucocytes, occurring two to three weeks 
after the completion of infection. This 
phenomenon was also noted by Delaune** 
and Delaune and Mayhew?*:*° in calves, fol- 
lowing artificial infection with nodular 
worm larvae. Fourie** reported an increase 
in both polymorphonuclear leucocytes and 
eosinophiles in sheep experimentally in- 
fected with O. columbianum. The increase 
in polymorphonuclear leucocytes was, in the 
majority of cases, reflected in an increase 
in the total white cell count. The white 
cell blood picture shown by the experimental 
calves was very much like that reported for 
sheep except that there was no increase in 
the percentage of eosinophiles. 


The fourth symptom to appear in the ex- 
perimental calves was anemia. Delaune** 
and Delaune and Mayhew?®:*® have previ- 
ously reported a reduction in the red blood 
cell count of calves five days after artificial 
infection with O. radiatum. In the present 
study, however, the anemia did not become 
evident until two weeks after the end of 
the period of infection, when it became 
progressively more pronounced for a period 
of one to two months and then disappeared 
spontaneously upon the recovery of the 
animals. In view of the fact that there 
was no evidence of extensive hemorrhage, 
either in the feces or at autopsy, nor of 
lysis of the red blood cells within the 
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circulatory system of the infected animals, 
the existence of some toxic principle acting 
on the hematopoietic system to prevent the 
formation of red cells is postulated to ex- 
plain the observed condition. In support 
of this hypothesis is the fact that reticu- 
locytes were never found in the blood of 
the anemic calves. Roberts® has also re- 
ported anemia in connection with cases of 
nodular worm infection in cattle, and 
Fourie®* noted the development of a rela- 
tively mild anemia in a lamb infected with 
O. columbianum. 

One of the more important findings re- 
sulting from the present study was the de- 
lay of from three to five weeks between the 
onset of the diarrhea and the appearance 
of nodular worm eggs in the feces, thus 
making a positive diagnosis of the infection 
impossible during this period. The same 
difficulty of diagnosis of nodular worm in- 
fection was reported by Veglia** and Rob- 
erts® in sheep and cattle, respectively. 

Veglia** stated that esophagostomiasis in 
sheep could be divided into two distinct 
types: (1) traumatic and septic esoph- 
agostomiasis, and (2) toxic esophagostomi- 
The first type was found to be asso- 
ciated with the active penetration of the 
nodular worm larvae into the intestinal wall 
and with their further migrations within 
the intestinal tissues. In many instances, 
the larvae perforated the intestinal wall 
and introduced bacteria into the peritoneal 
cavity, thus causing septic, fibrinous and 
purulent peritonitis. The second type was 
found in old sheep which had survived the 
traumatic phase of the disease. In this 
type, there were no definite symptoms. The 


asis. 


sheep preferred to lie down; later, paraly- 
sis of the hind quarters developed and the 
animals could not maintain a standing posi- 
tion. An affected sheep gradually became 
emaciated, the abdomen became distended, 
and finally the animal died. In the cases of 
bovine esophagostomiasis studied, the trau- 
matic form of the disease appeared to pre- 
dominate. No cases of the septic or toxic 
type were observed. 

According to the available data, there 
appears to be a considerable difference in 
the relative severity and mortality of the 
disease in sheep and in cattle, the former 
being much more serious. This difference 
in the disease appears to be due to the more 
delicate structure of the intestine of sheep, 
which allows the nodular worm larvae to 
penetrate into the peritoneal cavity thus in- 
troducing bacteria which bring about fatal 
peritonitis by secondary infection, It must 
be remembered, however, that Marotel? 
mentioned many fatalities in connection 
with his study of the disease in cattle, and 
that, furthermore, the calves used in the 
present experiment received an adequate 
ration and the best of care. These two fac- 
tors alone would lead to the survival of a 
calf that, under less favorable conditions, 
might die of the infection. 

In an earlier paper,** the writers reported 
the presence of O. radiatum in large num- 
bers in calves suffering from “tropical di- 
arrhea,” a condition occurring commonly 
in Puerto Rican calves. Since the symp- 
toms associated with this condition are in- 
distinguishable from those shown by calves 
suffering from experimental esophagosto- 
miasis, it appears that O. radiatum may be 


CAPTIONS FOR FIG. 5 ON OPPOSITE PAGE 


A. Calf 3, thirty-three days after beginning the daily administration of 5,000 nodular worm larvae, 
showing typical attitude assumed by calves suffering from diarrhea caused by Oesophagostomum 
radiatum infection. 

B. Calf 5, June 12, 1939, before the onset of diarrhea caused by nodular worm infection. 

C. Calf 5, Aug. 15, 1939, showing change in appearance due to anorexia and diarrhea of about 
one month duration. 

D. Calf 5, Sept. 14, 1939, showing extreme emaciation, pot-belly, slight bottle-jaw, and soiled and 

roughened coat, due to esophagostomiasis of about two months duration. 
E. Calves 2 and | (left to right), Sept. 14, 1939, showing relative degree of development of infected 
and control calves of the same age. 
F. Calves | and 5 (left to right), Sept. 14, 1939, showing stunting of calf 5 as compared to control 
calf | of the same age. 
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responsible for some of the cases of “tropi- 
cal diarrhea” observed. 


SUMMARY 


The experimental work reported in the 
present paper has shown that doses of 20,- 
000 to 260,500 larvae of Oesophagostomum 
radiatum, the common nodular worm of 
cattle, when administered by mouth to 
healthy calves weighing from 70 to 280 Ib. 
at the time of infection, will produce symp- 
toms similar to those observed by other 
workers in calves suffering from naturally 
acquired. nodular worm infection. 

The infected calves first appeared dull 
and listless, the feces softened, and the coat 
roughened. Transient rises in body tem- 
perature, which were correlated with the 
presence of the newly arrived third stage 
larvae in the intestinal wall and with the 
exit of the fourth stage larvae from the 
mucosa, occurred on the fourth or fifth day 
and again on about the tenth day after 
infection. Severe diarrhea accompanied by 
anorexia, and tenesmus began from four to 
twenty-three days after infection and con- 
tinued for periods up to 186 days, i. e., until 
the enteritis had subsided to the point 
where the intestinal mucosa could once more 
resume its function of resorption of mois- 
ture from the feces. A polymorphonuclear 
leucocytosis, which was associated with the 
repair of tissues damaged or destroyed by 
the larvae during their sojourn in the in- 
testinal wall, occurred from two to four 
weeks after the completion of experimental 
infection. About five weeks after the com- 
pletion of infection, an anemia of approxi- 
mately 50 per cent developed, which sub- 
sided spontaneously with the recovery of 
the animal. This anemia was not associated 
with any phase of the life cycle of the 
nodular worm, and the suggestion was made 
that it might be caused by a toxin acting 
on the hematopoietic system in such a way 
as to prevent the production of red blood 
cells. 

Difficulty was experienced in the early 
diagnosis of the disease because of the lack 
of evidence of worm infection in the feces. 
It was also discovered that when worm eggs 
did appear in the feces, not only had the 


damage to the intestinal wall already been 
accomplished by the larvae, but the eggs 
were so few in number that they would not 
ordinarily attract attention to the nematode 
infection producing them as being respon- 
sible for the intestinal disturbance exhib- 
ited by the infected animals. The number 
of adult worms recovered post mortem bore 
no relation to the severity of the symptoms 
shown by the calves. The weight gain per 
day of the infected calves was about one- 
seventh of that of the uninfected control 
calves. The stunting effect appeared to be 
permanent. Death occurred in one animal 
following infection with 82,000 nodular 
worm larvae. 

Esophagostomiasis in cattle was found to 
differ from the disease in sheep chiefly in 
the rarity with which the larvae of O. radi- 
atum perforated the intestine of calves. 
This difference appeared to be due to the 
relatively greater thickness of the intes- 
tinal wall of cattle as compared to that of 
sheep. 

The symptoms shown by calves infected 
with O. radiatum were found to be indis- 
tinguishable from those observed in Puerto 
Rican calves suffering from “tropical di- 
arrhea” and indicated that O. radiatum 
alone can be responsible for such cases. 
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The Effects of Various Intravenous Injections on the Horse 


STEPHEN J. ROBERTS, D.V.M., M.S. 
Ithaca, New York 


IN THE LAST twenty years, rapid progress 
has been made in intravenous medication of 
domestic animals. At the present time, this 
type of therapy is commonly and success- 
fully used by every up-to-date veterinarian 
in the treatment of many diseases of horses 
and other animals. Most veterinarians are 
acquainted with the technique of intra- 
venous medication and are aware of the ad- 
vantages and disadvantages of this type of 
treatment through personal experience and 
from the numerous articles on this subject 
published in the veterinary periodicals of 
late years. 

Most of the experimental work on the 
effects of intravenous injection of drugs 
in both the human and veterinary fields has 
been done on small experimental animals, 
such as cats and dogs. Knowledge thus 
obtained was then applied to treating hu- 
man beings and larger domestic animals. 
This is understandable as the larger do- 
mestic animals, such as the horse, are rela- 
tively high in value and difficult to secure 
and maintain in large numbers for experi- 
mental purposes. Therefore, our knowledge 
of intravenous medication in horses, as to 
practical and satisfactory doses and actions 
of various drugs, is based mainly on experi- 
ments with small animals and with the ac- 
tual experience of the practitioner treating 
horses in the field. But this leaves a wide 
gap in our knowledge of the specific effects 
on the horse’s blood stream and body of 
many of the more common drugs given 
intravenously. 


In endeavoring to lessen this breach, 
more than 200 experiments with 20 intra- 
venous drugs and materials were made on 
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69 horses. The horses used in these ex- 
periments were obtained by the Kansas 
state veterinary school for use in opera- 
tive surgical exercises. Most of the horses 


were aged or unable to work, due to some 
chronic, incurable condition, but the ma- 
jority were quite strong and vigorous, mak- 
ing good experimental subjects. 


METHODS 


Before and after the intravenous injections, 
the physical reactions of the horses, including 
the pulse, respiration, temperature, and any 
unusual symptoms, were noted. 

Special attention was given to the effects 
of the injections on the circulatory system, 
including: examination of the blood for hemo- 
globin values (Haden-Hauser method), hem- 
olysis, red and white cell counts, specific grav- 
ity and total protein determinations (Kagan 
proteinometer), and an occasional blood cal- 
cium determination made by the Kramer- 
Tisdall method. 

The influence of the various injections on 
the coagulability of blood was also noted. 
Since horse blood has normally a rather long 
coagulation time (eleven and one-half min- 
utes, Dukes'), intravenous injections that 
would hasten the clotting time would be valu- 
able in cases of accidental or surgical hemorr- 
hage. It was recognized that there is no ab- 
solutely accurate clinical or laboratory check 
on the coagulation time since so many factors 
are involved. However, the capillary pipette 
method was adopted. After running a series 
of 5 coagulation times on each of 6 normal 
control horses, it was determined that the 
average greatest decline in coagulation time 
of the control horses was 37.3 per cent. This 
was based on the average coagulation time 
before the injection and the average greatest 
decline in coagulation time after the injection. 

Urine examinations were made in some of 
the experiments, and these included: specific 
gravity determination by the urinometer; the 
reaction as determined by litmus paper; al- 
bumin determination by the Fish picro-aceto- 
glycerol test; sugar determination by the Bene- 
dict test; and the microscopic examination of 
the sediment from the centrifuged urine 
sample. 

The intravenous solutions and fluids were 
injected into the jugular vein of the horses 
through a 12- or 14-gauge needle by means 
of gravity flow. The air or oxygen injections 
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were made by gradually filling the gas-filled 
ask with water and forcing the gas into the 
ein through an intravenous needle. 
AIR AND OXYGEN 

Numerous articles have mentioned the 
dangers of allowing even small amounts of 
air to gain entrance into the circulatory 
system, blaming the air emboli thus pro- 
duced for sudden and unexplained deaths. 
According to Richardson, Cole, and Hall* 
and Jones and Lockhart,*® small amounts of 
air, oxygen, or carbon dioxide introduced 
into the venous circulation had no effect, as 
they were rapidly absorbed in the lung tis- 
sue with no evidence of cardiac or respira- 


TABLE |—Comparison of Normal Tests Before Injection with Results of Other Authors 


intravenous dose of air for a 150-lb. man 
was 525 ce. If injections were given very 
slowly, much larger doses might be given. 
According to Jones and Lockhart,’ minute 
quantities of air injected into the left heart, 
or arterial circulation, produced severe re- 
actions or death due to cerebral or coronary 
emboli. The fatal dose of air given intra- 
arterially for a 150-lb. man was determined 
to be 37.5 cc. 

Fifteen horses were given 24 injections 
of 500 to 4,000 cc. of air or oxygen intra- 
venously at rates varying from 150 to 500 
cc. per minute, and various results were 
noted. Small amounts of air or oxygen, 


MaLKMus™ 
RESULTS 


DvuKEs’! 


TESTS RESULTS 


EXPERIMENTAL RESULTS 
RANGE AVERAGE No. oF HORSES 


11.5 min. 
32 to 44 per min. 
8 to 16 per min. 
99 to 100.8 F. 
6,940,000 cells 
per cmm. 
10,000 cells 
per cmm, 


Coagulation time 

Pulse rate 

Respiration rate 

Temperature 

Red blood cell 
count 

White blood cell 
count 

Specific gravity 
of serum 

Total protein 
of serum 

Hemoglobin 


7,500,000 cells 
per cmm., 

10,500 cells 
per cmm. 


r 100 ce. 
12.4 Gm. 
per 100 cc. 


28 to 40 per min. 
8 to 16 per min. 
99.5 to 101.3 F. 


22.35 min. 
42 


7 to 78 min. 

25 to 72 

10 to 68 

98 to 101.9 F. 

2,125,000 to 
9,250,000 

3,600 to 17,600 
per cmm. 

1.0250 to 
1.0333 

6.00 to 8.37 


20.9 

99.58 F. 

5,627,768 cells 
per cmm. 

9,920 per cmm. 


1.02786 
6.99 


7.5 to 14 9.75 Gm, per 100 ce. 


*6.1 (Craige and Gadd*). 


tory distress; no emboli were ever found in 
the arterial circulation. It was noted that 
air and oxygen were absorbed from the 
blood at about equal rates, with carbon di- 
oxide being absorbed more rapidly than 
either. The injection of larger amounts of 
air was said to produce slight to severe 
cardiac and respiratory distress resulting 
in complete recovery or death, depending 
on the amount and rate of air injected 
intravenously. 

Individuals with high blood pressure sur- 
vived larger doses than did individuals with 
low blood pressure. The cause of death was 
either passive congestion of the right side 
of the heart and heart failure, or a lowering 
of the aortic pressure to zero, due to a lack 
of blood in the pulmonary veins and left 
side of the heart, causing cerebral anemia 
and paralysis of the respiratory center. 
These authors computed, after animal ex- 
perimentation, that the approximate fatal 


such as might enter the venous circulation 
accidentally during intravenous medica- 
tions, are harmless. Even injections up to 
500 cc. produced no or slight symptoms 
that soon disappeared with no harmful 
after-effects. Larger injections produced 
progressively more severe symptoms of 
cardiac distress, as shown by a marked 
increase in the rate and force of the heart 
beat; respiratory distress, as shown by 
dyspnea, and nervous symptoms due to the 
drop in aortic pressure, as shown by rest- 
lessness, colicky symptoms, wobbling, inco- 
ordination, and falling. It was noted that 
there was a marked difference among 
horses in respect to their tolerance for these 
injections. Intravenous injections of oxy- 
gen did not give as severe reactions as did 
the same amount of air. Approximately 
4,000 ec. of air injected rapidly was neces- 
sary to cause the death of the average 
horse. 
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It was interesting to note that 1 cow was 
given an intravenous injection of 11,500 ce. 
of air over a period of two hours before 
death resulted. One horse that was given 
an injection of 60 cc. of air into the isolated 
right carotid artery developed marked ner- 
vous or cerebral symptoms, including 
ataxia, falling, dyspnea, ptosis of the left 
eyelid, drooping of the left ear, and nystag- 
mus. In about three hours, the horse had 
returned to normal. 


ISOTONIC SALINE SOLUTION 


Physiological saline is frequently in- 
jected intravenously in horses for hemorr- 
hage, heat stroke, toxemia, and dehydra- 
tion. According to Bastedo,* Sollmann,° 
and Milks,® the administering of physiolog- 
ical saline to normal animals produces a 
temporary rise in blood pressure and hy- 
dremia. The blood volume and pressure 
returned to normal usually in about one- 
half hour, as the blood regulatory mechan- 
isms eliminated the excess volume either 
through the kidneys or into the tissues. 
Excessively large injections tended to pro- 
duce pulmonary edema and respiratory fail- 
ure. Saline injected at reasonable rates 
and temperatures had no effect on the pulse 
or body temperature. However, other au- 
thors’ have stated that hot and cold solu- 
tions may cause “vein block.” According 
to Munson,* “speed shock,” as seen in man, 
due to too rapid administration of the sal- 
ine, does not occur in animals. 


Numerous reports in human medical lit- 
erature record the occasional occurrence of 
chills and a rise in temperature following 
intravenous saline medication. Seibert’ 
showed this condition to be due to pyro- 
gens or toxins from certain bacteria grow- 
ing in saline solutions that lacked careful 
and frequent preparation. 


Thirteen intravenous injections of 1,000 
to 4,000 cc. of physiological saline were 
given to 9 horses at rates of 90 to 333 ce. 
per minute, at temperatures that varied 
from 37.4 to 160 F. The following effects 
were observed: (1) Rapid injection rates 
resulted in no untoward symptoms except 
an increase in the rate and depth of res- 


pirations in some horses. (2) Injection of 
cold or hot saline had no observable effects 
on the horses, except that when very hot 
saline (160 F.) was injected, the horses 
became nervous and restless. (3) The 
body temperature of a horse given 4,000 cc. 
of saline at 37 F. dropped 0.4 F., while the 
average body temperatures of the horses 
given 4,000 cc. of saline at 110 to 160 F. 
rose 0.7 F, 


The injection of 4,000 cc. of physiological 
saline had a mild, temporary, hydremic ef- 
fect on the blood stream of 6 horses, as 
was shown by an average decline, five min- 
utes after the injection, in the specific 
gravity, total protein value, red cell count, 
and hemoglobin value. The return to nor- 
mal values was rapid. No chills nor marked 
temperature rises, such as occur occasion- 
ally in man, were seen in any of the horses 
in the experiments, although several of the 
saline injections had been allowed to “age” 
for several months. 


HYPOTONIC SOLUTIONS 


Tapwater and distilled water are common 
diluents for many intravenous drugs. The 
effects of unsterilized tapwater and dis- 
tilled water upon the blood stream of the 
horse had not been determined, and it was 
desirable to do this because many practi- 
tioners commonly use these unsterilized 
diluents in making their solutions just 
prior to intravenous injection. According 
to Dukes,' Bastedo,* and Sollmann,® hypo- 
tonic solutions injected intravenously cause 
a decrease in the osmotic pressure of the 
blood, tending to cause fluid to pass from 
the blood into the tissues. Mixture of hy- 
potonic solutions with blood produces hem- 
olysis in the horse when the sodium chlor- 
ide or salt concentration of the blood be- 
comes lower than 0.42 per cent. Follow- 
ing hemolysis, chills and fever may occur, 
with hemoglobin usually appearing in 
the urine. Immediate diuresis does not 
occur, as the tissues take up large quan- 
tities of water and renal circulation is 
slowed by the swelling of the kidney cells. 
Water excretion by other channels may 
produce diarrhea. Physiological saline, 
tapwater, and distilled water are progress- 
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vely more toxic when injected intrave- 
nously in large doses. 

Eight injections of tapwater and 8 in- 
iections of distilled water were given to 16 
horses in amounts varying from 2,000 to 
24,000 ce., at rates of 190 to 285 cc. per 
minute. After these injections, no signifi- 
cant changes in the pulse rate, respiration 
rate, or body temperature were observed, 
and only mild physical reactions of ner- 
vousness and deep respirations developed 
in a few horses. Four horses developed a 
profuse, watery diarrhea after the injec- 
tions. Another horse developed an attack 
of singultus or hiccoughs that lasted for 
fifteen minutes. One horse, given 12,000 
ce. of distilled water, died suddenly during 
the injection, and postmortem examination 
revealed a passive congestion of the lungs 
and edema around the base of the heart. 

Lysis of red blood cells, with hemo- 
globin in the urine, appeared in all horses 
given more than 4,000 cc. of a hypotonic 
solution. No hemolysis was noted in any 
horse given less than 2,000 cc. of distilled 
water or tapwater. This hemoglobin, or 
red color in the urine, lasted in most cases 
for about twenty-four hours, with no ob- 
servable temporary or permanent injury 
to the horse. As with the isotonic saline 
injections, there was a brief period follow- 
ing the injections when a hydremia was 
apparent. No immediate diuresis oc- 
curred in any of the horses. Even though 
the distilled water and tapwater were not 
sterilized, no unusual symptoms, such as 
chill or fever, were noted after the injec- 
tion, nor did any observable symptoms of 
infection or septicemia develop in horses 
that were kept weeks or months after the 
injection. 

It was interesting to note that 2 horses 
were given 20,000 and 24,000 cc. of tap- 
water, respectively, in approximately one 
and one-half hours, with no marked clinical 
symptoms other than a hemoglobinuria that 
persisted for twelve to twenty-four hours. 
Large injections of distilled water produced 
more pronounced reactions than did like 
amounts of tapwater, probably due to the 
fact that the tapwater contained some min- 
eral salts in solution. Even though these 


experiments indicate that large amounts of 
unsterilized tapwater or distilled water may 
be given intravenously to the horse, good 
practice dictates that solutions should be 
sterile and injections of hypotonic solutions 
of more than 1,000 cc. should be avoided. 


HYPERTONIC SODIUM CHLORIDE SOLUTION 


According to Milks,* Sollmann,® and Bas- 
tedo,* injections of large amounts of hyper- 
tonic solutions caused a rapid increase in 
the osmotic pressure of the blood, and thus 
in blood volume, due to the absorption of 
fluid from the tissues which produced a 
definite hydremic condition that lasted a 
relatively short time. Hypertonic solutions 
were more strongly diuretic than isotonic 
solutions, and so might possibly be of use 
in combating toxemia. Large amounts of 
hypertonic solutions injected intravenously 
caused severe stimulation of the central 
nervous system, due to the withdrawal of 
fluid from those structures. Bastedo* and 


Jones and Hewitt'® state that intravenous 
injections of a 30 per cent solution of so- 


dium chloride caused an active peristalsis 
in normal, as well as paretic, intestines and 
the amount of the solution, rather than the 
concentration, appeared to be the signifi- 
cant factor. The sodium ion was said to 
be responsible for the stimulation of the 
intestinal musculature. Large amounts of 
hypertonic sodium chloride solution in- 
jected intravenously were relatively non- 
toxic to the circulatory and respiratory 
systems of dogs. 


Ten intravenous injections of 30 to 120 
Gm. of sodium chloride in 15 to 30 per cent 
solutions were given to 9 horses. No sig- 
nificant changes were noted in the pulse or 
respiration rates, body temperature, hemo- 
globin value, or red and white cell counts. 
No hemolysis occurred, but a decline in the 
specific gravity and total protein values re- 
sulted after the injections, due to the hy- 
dremic condition. No unusual clinical symp- 
toms were noted in any of the horses, except 
that a few became restless during the injec- 
tion and 1 horse developed a pronounced 
sweating from the entire body surface that 
lasted for about six hours. In all of the cases, 
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a definite increase in peristalsis occurred, 
with several horses defecating at frequent 
intervals after the injections. Also, there 
was noted a definite decline in the coagula- 
tion time of 57 per cent, as based on the 
average coagulation times before the injec- 
tions and the average greatest drop in co- 
agulation time after the injections. This 
period of lowered coagulation time lasted 
two to four hours before returning to 
normal. 


SODIUM CITRATE 


Sodium citrate has long been used as an 
anticoagulant in indirect blood transfus- 
ions. It has been combined with sodium 
chloride to make Lang’s solution. Bastedo* 
and Druillet'! advocate sodium citrate as 
an intravenous agent that will hasten the 
coagulation of blood in vivo. The dose ad- 
vised by Druillet for horses is 20 to 25 Gm. 
in a 30 per cent solution. According to 
Sollmann,® sodium citrate in small doses, 
when injected slowly, causes slight physi- 
cal symptoms. Larger doses, given rapidly, 
often produce symptoms of calcium depri- 
vation, including cerebral excitation, mus- 
cle twitchings, tetany, and finally respira- 
tory and circulatory collapse. 

Eleven intravenous injections of 1 to 3 
oz. (30 to 90 Gm.) of sodium citrate in 15 
to 30 per cent solutions were given to 10 
horses at rates of from 50 to 150 cc. per 
minute. No significant changes occurred 
in the body temperature, specific gravity, 
total protein values, hemoglobin values, or 
red and white cell counts. No hemolysis 
was present. A definite to a marked 
increase in the calcium level of the blood 
serum occurred five minutes after the in- 
jection of sodium citrate. This increase 
was probably due to the mobilization of the 
calcium ions from the tissues into the blood 
to restore the calcium ions removed, but 
probably still present, in a nonionized com- 
bination with the sodium citrate. The cal- 
cium level returned to normal within thirty 
minutes after the injection. 

The coagulation time was reduced 59.2 
per cent, as computed by the average co- 
agulation time before the injection and the 


average greatest decline in coagulation 
time after the injection. This drop in co- 
agulation time lasted about two hours and 
gradually rose to normal in twenty-four 
hours. Marked physical symptoms of acute 
calcium deprivation were shown by the 
horses given 2 and 3 oz. of sodium citrate. 
These symptoms included increased pulse 
and respiratory rate, restlessness, incodérdi- 
nation, prostration, and symptoms of 
tetany with extension of the limbs, head, 
and neck. In some cases, salivation and 
sweating were observed. These horses re- 
gained their feet in five to ten minutes and 
were normal in thirty minutes. To pre- 


vent these reactions, the larger doses of 
sodium citrate had to be given very slowly. 


LANG’S INTRAVENOUS SOLUTION 


Lang’s intravenous solution, consisting 
of 2 oz. each of sodium chloride and sodium 
citrate in 1,000 cc. of distilled water, was 
proposed by W. W. Lang*? of England, in 
1936, ‘as a successful treatment for cecal 
impaction in the horse. The treatment, 
according to Dr. Lang, resulted in the 
drinking of large quantities of water, stim- 
ulation of peristalsis, and improvement in 
the appetite and attitude, with the elim- 
ination of a large amount of feces within 
twenty-four hours. In this country, a 
weaker solution of 1 oz. eacu of sodium 
chloride and sodium citrate in 500 cc. of 
distilled water has been used with variable 
success. According to Lang’? and Rose," 
this solution should be injected slowly, and 
heart stimulants should be given to weak 
patients. Jones and Hewitt'® and Lang” 
describe an increased intestinal tonus and 
motility after intravenous injection of this 
solution, although the former state that 
this solution was slightly toxic to anes- 
thetized dogs. 

Seven intravenous injections of Lang’s 
solution were given to 6 horses at rates of 
25 to 200 ce. per minute. Two of the in- 
jections were of the original Lang’s solu- 
tion and 5 were of the modified solution 
(1 oz. each of sodium chloride and sodium 
citrate in 500 cc. of water). No signifi- 
cant changes occurred in the hemoglobin 
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Graph I—The Relative Effects of the Various Intravenous Solutions on the Coagulation Time of 
Horse Blood 


i i 
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values, respiration rate, body temperature, 
specific gravity, total protein values, or red 


and white cell counts. No hemolysis 
was noted. Slight clinical symptoms were 
noted with the modified solution. An 
increase in the pulse rate occurred and 
was most marked in the original, larger 
injections. Slight thirst, restlessnesss, and 
a definite increase in peristalsis and defec- 
ation occurred. However, in the larger so- 


lution (containing 2 oz. each of sodium 
citrate and solum chloride), symptoms of 
calcium deprivation occurred unless the 
material was injected slowly. These symp- 
toms closely resembled those produced by 
large injections of sodium citrate, but were 
not so marked. 

Intravenous injection of Lang’s solution 
caused a marked drop in coagulation time 
of 78.3 per cent; this was more marked 
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than for either the sodium chloride or so- 
dium citrate injections alone. This de- 
cline lasted for three to four hours before 
the coagulation time gradually rose to 
normal, 


SODIUM IODIDE 


Sodium iodide is a drug used intrave- 
nously in horses for treating fistula of the 
withers and other suppurative conditions. 
The ordinary dose is 1 oz. (30 Gm.) in 250 
to 500 ce. of water. According to Soll- 
mann,° the immediate toxicity of sodium 
iodide given intravenously is low, although 
continuous use may lead to chronic iodism. 

Ten intravenous injections of 1 oz. (30 
Gm.) of sodium iodide in 30 to 500 cc. of 
distilled water, 100 per cent to 6 per cent 
solutions, were given to 9 horses. No phys- 
ical symptoms were observed. No signifi- 
cant changes occurred in the pulse rate, 
respiration rate, body temperature, specific 
gravity, or total protein values. After the 
injection, a slight decrease in the hemo- 
globin values and red and white cell counts 
was observed. A definite decline in the 
coagulation time of 67.4 per cent resulted. 
This decline, also, was based on the aver- 
age coagulation time before the injections 
and the greatest drop in coagulation time 
after the injection. This lowered clotting 
time lasted for approximately two hours. 


SODIUM BICARBONATE 


Sodium bicarbonate is probably one of 
the most useful drugs, but its intravenous 
use in man and animals has been rather 
limited as it is so readly absorbed from 
the digestive tract. Bastedo* states that 
intravenous injections of sodium bicarbon- 
ate stimulated diuresis with alkaline 
urine, increased the alkalinity of the body, 
and caused an increase in the !ymphocytes. 
Excessive doses produced alkalosis and 
edema. Jones and Hewitt!’ state that so- 
dium bicarbonate given intravenously to 
the dog caused a marked stimulation of 
intestinal tonus and motility. Sodium bi- 
carbonate has been used in domestic ani- 
mals to combat acidosis present in such 
diseases as azoturia, ketosis, acetonemia, 
and bronchopneumonia, but its success has 


been variable. However, Hixon’ reports 
a marked reduction in deaths in cattle suf- 
fering from the shipping fever diseases 
following intravenous injections of an 8 
per cent sodium bicarbonate solution. 


Two injections of 2,000 cc. and 1 injec- 
tion of 4,000 cc. of an 8 per cent sodium 
bicarbonate solution were given intrave- 
nously to 3 horses. No significant clinical 
or blood changes were noted after these 
injections except that 1 horse developed a 
definite diuresis one to two hours after 
the injection, with’ the specific gravity of 
the urine dropping from 1.029, before the 
injection, to 1.012 after the injection. 


SODIUM CACODYLATE 


Sodium cacodylate was one of the earli- 
est organic arsenic compounds used in med- 
icine. It has been used with questionable 
success in horses for the treatment of in- 
fluenza, pneumonia, chronic skin diseases, 
and anemia. According to Milks® and Soll- 
mann,° sodium cacodylate has only a feeble, 
rather nontoxic reaction in the body since 
it releases its arsenic ions slowly. In later 
years, it has yielded to the more efficient 
and rapid-acting arsenical compounds. It 
is eliminated mainly unchanged in the 
urine and also in the sweat and breath, 
giving them a garlic-like odor. Excessive 
doses produced typical arsenic poisoning. 
Sollmann® states that, given intravenously 
in man, it usually produced a fibrosis of 
the vein. 

Eight intravenous injections of 10 Gm. 
(150 gr.) of sodium cacodylate in 50 to 150 
cc. of distilled water were given to 5 horses. 
Little, if any, effect on the circulatory sys- 
tem or body of the horse was noted. One 
horse developed a marked phlebitis from 
the intravenous injection. Another horse, 
given 4 daily injections of 150 gr. of so- 
dium cacodylate, had a marked drop of 42 
per cent in the red cell count. 


OXALIC ACID 


Oxalic acid, which previously had been 
of no use in therapeutics, has been de- 
scribed by Steinberg and Brown™ Miller 
and Davies,'* and Stapleton’? as an agent 
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vhich, when injected intravenously, would 
vroduce a marked lowering of the coagula- 
tion time. According to Sollmann® and 
Bastedo,* oxalic acid and the oxalates have 
an acid action in the body causing symp- 
toms of poisoning, brought about by the 
precipitation of calcium from the tissues. 
Intravenously, large doses of oxalic acid 
caused central nervous stimulation, nerv- 
ousness, tetany, convulsions, and finally 
paralysis, death being due to a respiratory 
paralysis except after excessively large 
doses when the heart muscle may become 
paralyzed. Oxalic acid is eliminated by 
the urine as calcium oxalate; this com- 
pound may, and often does, precipitate in 
the tubules of the kidney producing a 
nephritis. Steinberg and Brown and 
Stapleton’? advise the use of 1 to 3 mg. 
of oxalic acid for human beings and small 
animals; Stapleton’? and Miller and Da- 
vies'® advise the use of 100 to 200 cc. of a 
5 per cent oxalic acid solution for horses, to 
cause a lowering of the coagulation time of 
the blood. Foster'* reports that in his work 
with oxalic acid, it had no lowering effect 
on the coagulation time. 

Ten injections of 100 to 200 ce. of a 5 
per cent oxalic acid solution were given in- 
travenously to 9 horses. Slight physical 
reactions, including restlessness, excite- 
ment, salivation, defecation, and increased 
pulse and respiration rates, occurred in the 
horses given 100 cc. of a 5 per cent oxalic 
acid solution. The larger injections of 200 
cc. produced more severe reactions of 
sweating, excitement, quivering, colicky 
pains, staggering and collapse, marked rise 
in pulse and respiration rates, and increased 
peristalsis and defecation. One weak, 
emaciated horse died suddenly with symp- 
tons of heart failure two to five minutes 
after the injection of 200 cc. of 5 per cent 
oxalic acid. In several cases, a moderate 
phlebitis developed in the jugular vein fol- 
lowing the injection. In some, symptoms 
of a mild nephritis appeared with oxalates, 
albumin, and lowered specific gravity of 
the urine following the injection. In sev- 
eral cases, there developed a brief rise in 
the red and white blood cell counts. There 


was an average decline of 56.6 per cent in 
the coagulation time that lasted for several 
hours after the injection of the oxalic acid. 


MAGNESIUM SULFATE 


Magnesium sulfate solutions have been 
used intravenously as a sedative and nar- 
cotic, especially in tetanus. Lately, mag- 
nesium sulfate has been combined with 
chloral hydrate as a general sedative and 
narcotic. According to Milks,*® the use of 
magnesium sulfate solutions for nerve 
blocking and general anesthesia was dis- 
covered in 1905 by Meltzer and Auer. Mag- 
nesium salts have a paralyzing action on 
the motor nerve and plates in the muscle, 
and also a marked depressant action on 
the central nervous system. However, 
Sollmann® states that complete surgical an- 
esthesia was difficult to obtain, as this 
state is produced only by the near toxic 
dose of magnesium sulfate. According to 
Milks, moderate doses have a diuretic 
effect. 


Five injections of 500 cc. of 10 and 20 


per cent magnesium sulfate solutions were 


given to 4 horses. No significant changes 
were noted in the hemoglobin values, red 
and white blood cell counts, specific grav- 
ity, or total protein values. No hemolysis 
occurred. The pulse rate increased after 
the injection of the 10 per cent solu- 
tions, and increased markedly after the 
injections of the 20 per cent mag- 
nesium sulfate solutions. The respiration 
rate was deeper and slower after the 20 
per cent than after the 10 per cent injec- 
tions. Only a slight depressant action on 
the horses resulted from the administra- 
tion of 500 cc. of a 10 per cent solution, 
while after 500 cc. of the 20 per cent so- 
lution, the horses staggered and fell, rested 
quietly, and regained their feet in twenty 
to thirty minutes, but remained lethargic 
for several hours. In several horses, surg- 
ical anesthesia was attempted by the use 
of the 20 per cent solution, but respiratory 
paralysis and death occurred before an- 
esthesia was obtained; 1 horse received 
1,300 cc. of a 20 per cent magnesium sul- 
fate solution during an hour and a half 
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before death resulted. Hypertonic mag- 
nesium sulfate solutions given intrave- 
nously caused a definite lowering of the co- 
agulation time of 66.3 per cent. This de- 


cline lasted for several hours before the 
coagulation time returned to normal. 


CHLORAL HYDRATE 


Chloral hydrate is a common drug used 
orally and intravenously to produce nar- 
cosis or anesthesia in the horse. Moderate 
doses of chloral, according to Alstead,'® 
Bastedo,* Sollmann,® and Milks,® are safe, 
producing a depression of the cerebrum 
without appreciably affecting the respira- 
tory or circulatory systems. However, a 
profound narcosis, not produced by mod- 
erate doses, must be reached before pain 
is abolished. The larger doses of chloral 
hydrate depressed the heart muscle and all 
of the motor centers, including the cardiac, 
respiratory, and vasomotor. Peripheral 
arterial dilation, due to depression of the 
vasomotor center, together with decreased 
movements and depression of the heat-pro- 
ducing center, caused chloral to be mark- 
edly antipyretic. Krill*? and Ingmand** 
state that chloral is contraindicated in old, 
debilitated horses. Bastedo* states that 
this drug is also contraindicated in man 
suffering from threatened failure of the 
circulatory system and depressed states of 
respiration, such as pneumonia. Sollmann® 
mentions that, in cats, a sudden stoppage 
of the heart may occur from relatively 
small doses of chloral hydrate, under the 
influence of excitement. 

Krill®?® and Ingmand*! state the common 
intravenous dose of chloral for the horse 
to be 1 to 2 oz. in a 6 to 10 per cent solu- 
tion, given slowly. However, Fowler*? says 
that the average horse could be given 2 oz. 
orally, followed by 2 to 4 oz. intravenously. 
Milks® states that the fatal dose for the 
horse varies between 5 and 8 oz., with death 
due to paralysis of respiratory center, or 
by direct depression of the heart muscle, 
and heart failure, 

Eleven horses were given 12 intravenous 
injections of % to 3 oz. of chloral hydrate 
in 100 to 1,000 cc. of distilled water in 6 
to 24 per cent solutions. Slight hemolysis 


occurred in 2 horses given 2 and 
oz. of chloral, respectively. The coagu- 
lation time dropped 68 per cent after 
the injection and the decline lasted for 
nearly eight hours before rising to normal 
in twenty-four to forty-eight hours. No 
other significant change in the blood oc- 
curred. Following the injections of 
chloral hydrate, the pulse accelerated, but 
the respirations were definitely slowed. The 
larger the dose of chloral, the more pro- 
nounced the narcosis that developed, and 
the greater the reduction in body tempera- 
ture. Two animals given 2 oz. of chloral 
intravenously went down and remained 
quiet for one-half to one hour, and, in 
struggling to arise, died within several 
minutes, apparently from heart failure. 
One of these animals was a strong, but 
aged, mule and the other was a strong, 
5-year-old horse. These sudden deaths 
have also been seen occasionally in surgi- 
cal patients presented at the clinic. Pos- 
sibly these deaths may be explained by an 
idiosyncrasy of some horses toward chloral, 
or by struggling, or exertion while under 
the influence of the narcotic. Several 
horses given 3 oz. of chloral defecated fre- 
quently thirty minutes after the injection. 
One pony given 1 oz. of chloral in 250 ce. 
of water developed a marked phlebitis, with 
distention of the jugular vein. 


CALCIUM GLUCONATE 


Calcium gluconate is one of the more 
common drugs given intravenously in vet- 
erinary medicine. It is usually prepared 
in a 20 per cent solution with 4 per cent 
boric acid. According to Dukes,' Soll- 
mann,° and Milks,® calcium decreases the 
irritability of nerves and the permeability 
of cells and capillaries. Slight decreases 
in the blood and tissue calcium caused an 
increase in the irritability and a slight 
decrease in the strength of all neuromus- 
cular tissues, possibly leading to spontane- 
ous fibrillary twitchings, jerking of mus- 
cles, and convulsions. An increase in the 
calcium of the blood and tissues lessened 
the irritability of neuromuscular tissues, 
but increased the strength of contraction. 
Following the injection of moderate 
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mounts of calcium gluconate, the heart 
ate slowed at first, and then increased, with 
a rise in blood pressure. The hypercalcemia 
thus produced lasted for several hours. 
Large intravenous doses of calcium pro- 
duced toxic symptoms of cardiac weakness, 
tachyeardia, fall in blood pressure, paraly- 
sis of respiration, and death due to ven- 
tricular fibrillations. and Bastedo* 
state that calcium gluconate should be in- 
jected slowly, especially in patients affected 
with heart weakness or a lowered blood 
pressure, as rapid administration brings on 
toxic symptoms from doses which, when 
given slowly, are harmless. 

Calcium gluconate in large doses pro- 
duced a diuretic effect, according to Bas- 
tedo* and Sollmann;® however, in exces- 
sively large doses, anuria resulted. Cal- 
cium gluconate under certain conditions 
caused a lowering of the coagulation time. 
Jones and Hewitt'® and Bastedo* state that 
calcium gluconate increased the tone and 
peristalsis of the intestines. 


Eleven intravenous injections of 250 to 


5,000 cc. of 20 per cent calcium gluconate 
were given to 10 horses at rates of 62.5 


to 150 ce. per minute. The smaller injec- 
tions of 250 to 500 cc. produced no observ- 
able reactions and only slight changes in 
the blood. The larger injections of 1,000 
to 3,000 ce. produced mild to marked physi- 
cal reactions, consisting of trembling, rest- 
lessness, yellow nasal discharge, lacrima- 
tion, slight colicky pains, and, in some, 
tenesmus. Most of the horses given the 
larger injections developed a definite di- 
uresis and an increased frequency of de- 
fecation. One horse, given 3,000 cc. of 
calcium gluconate, developed these symp- 
toms, except that anuria instead of diuresis 
occurred. The blood calcium of this horse 
rose from 11.2 mg. per 100 cc. of serum 
before the injection to 33 mg. five minutes 
after the injection and had dropped to 29.7 
mg. in one hour. An increase in the pulse 
and respiration rates occurred, with a more 
marked increase after the larger injections. 
The urine of 1 horse developing a diuresis 
became acid in reaction, clear in color, low 
in specific gravity, and positive to Bene- 


dict’s sugar test, due to the gluconic acid 
present. 

A drop in coagulation time occurred in 
all of the horses, but declined most mark- 
edly in the horses given the larger injec- 
tions of 500 to 3,000 cc., with an average 
drop of 66.9 per cent. This decline in co- 
agulation time lasted approximately two 
to three hours and rose gradually to nor- 
mal within twenty-four hours. 


FORMALIN SOLUTIONS 


Formalin solutions have been used in- 
travenously in horses for treating purpura 
hemorrhagica. Formalin, because it com- 
bines with a large number of organic sub- 
stances and coagulates protein, is irritat- 
ing to body tissues. Sollmann® states that, 
because of this characteristic, it is seldom 
used in the body. The fatal dose of for- 
maldehyde for mammals is 0.08 to 0.09 
Gm. per kg. of body weight. Thus, the fatal 
dose of formaldehyde for the average 1,000- 
Ib. horse would be 38.2 cc. or 95.5 cc. of 
formalin. Udall** and other practitioners 
state that the average dose of formalin, in- 
travenously, varies from 4 to 16 cc., given 
in 10 to 25 per cent solutions and repeated 
as indicated, in treating purpura. Certain 
practitioners, in treating flatulent colic, ad- 
vise similar intravenous doses of formalin. 

Twenty-two intravenous injections of 4 
to 12 per cent formalin solutions were given 
to 19 horses. The amount of formalin var- 
ied from 4 to 50 cc. given in 40 to 500 cc. 
of distilled water. The physical reactions 
of the horses to these injections varied with 
the amount of formalin injected, the rate 
of injection, and the concentration of the 
formalin solution. The smaller amounts of 
formalin, 4 to 8 cc., caused slight reactions, 
including restlessness, lacrimation, ele- 
vation of the tail, slight salivation, and oc- 
casional defecation. The larger, more con- 
centrated solutions and faster rates of in- 
jection produced definite to marked reac- 
tions, including lacrimation, salivation, 
nasal discharge, increased peristalsis with 
frequent defecation, sweating, slight quiv- 
ering to spasms of muscles, severe abdom- 
inal pain, and distress with tenesmus. These 
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symptoms corresponded closely with those 
described by Andberg, Boyd, and Code** of 
histamine and foreign-protein shock pro- 
duced by them in horses, with the exception 
that in foreign-protein shock, the coagula- 
tion time of blood is prolonged, while the 
coagulation time after the formalin injec- 
tions was shortened. 

The pulse was generally accelerated after 
all of the injections, and the respirations 
only slightly increased, with deeper abdom- 
inal breathing. The body temperature 
showed a slight, but definite, rise. In a 
number of cases, the red cell count showed 
a definite rise. There was a very definite 
average drop in the coagulation time of 
75.2 per cent. It was noted that the amount 
of formalin in the injections, rather than 
the concentration of the solution, had the 
greater effect on coagulation time. The 
larger amounts of formalin, over 16 cc., 
caused an average drop in coagulation time 
of 86.3 per cent, while the 8 to 16 ce. 
amounts caused an average decline of 67.3 
per cent. Since the larger injections caused 


more severe physical reactions, the 8 to 16 
cc. amounts of formalin in solution were 
preferred. This lowered coagulation time 
lasted approximately twenty-four hours. 
During these experiments, solutions of 
10 cc. of formalin in 100 cc. of water were 
used to control hemorrhage in 2 clinical 


cases. One purebred, 7-year-old saddle 
mare, affected with a chronic catarrh of the 
gutteral pouches, developed a profuse nasal 
hemorrhage during the irrigation of the 
pouches. The other, an 8-year-old draft 
mare, developed severe hemorrhage follow- 
ing the removal of an exuberant mass of 
granulation tissue too high on the forearm 
to bandage. In both cases, the hemorrhage 
decreased and finally stopped five to ten 
minutes after the injection. 


GELATIN 


Gelatin has been recommended as a prod- 
uct for intravenous injection, in dilute solu- 
tions, for the treatment of shock and to 
reduce the clotting time of the blood. Ac- 
cording to Milks,* 2 per cent solutions given 
intravenously increased the coagulability of 
blood; the reason for this effect is not 


known. Because of this effect, gelatin has 
been used for the treatment of hemorrhage, 
shock, and purpura hemorrhagica in horses. 
Gelatin is not a complete protein, so there 
is no danger of producing anaphylactic 
shock by repeated intravenous injections. 
Because of the slight possibility of un- 
sterilized gelatin solutions containing 
tetanus spores, gelatin solutions should be 
sterilized at 15 lb. pressure for twenty min- 
utes. Recently, human investigators**: *° 
have stated that gelatin, taken orally, 
caused a reduction in the rate of muscu- 
lar fatigue, and a marked increase in work 
output of persons given a diet containing 
gelatin. Possibly, but unlikely, therefore, 
the intravenous injection of gelatin in the 
race horse prior to a race might increase 
the work output and reduce fatigue, as well 
as increase the coagulability of blood 
and thus prevent nasal hemorrhage in 
“bleeders,” or horses that have a tendency 
toward nasal bleeding during severe exer- 
tion. 

Ten injections of 250 to 500 cc. of 2 to 
6 per cent gelatin solution were given in- 
travenously to 7 horses. They were given 
at the average temperature of 105 F. No 
clinical reactions or symptoms were noted 
after any of the injections. No hemolysis 
occurred, and the pulse rate, respiration 
rate, body temperature, red and white blood 
cell counts, specific gravity, and total pro- 
tein values were unchanged. The coagula- 
tion time was definitely reduced, the aver- 
age decline being 76 per cent. This figure 
was based on the average time before the 
injection and the greatest decline after the 
injection. The greatest decline occurred 
thirty-two minutes after the injection and 
lasted for nearly eight hours before rising 
to normal. Two horses given 2 and 3 in- 
jections, respectively, of unsterilized gela- 
tin solutions three weeks to four months 
apart showed no symptoms of anaphylaxis 
or tetanus. 


BLooD TRANSFUSIONS 


Blood transfusion has been the subject 
of much study and experimentation during 
the last twenty years, and new methods and 
reports of results of transfusions in horses 
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nave been reported in numerous articles. 
lwo methods of transfusion, indirect and 
lirect, are used in horses. According to 
Lyon,?* for all practical purposes, horse 
blood may be transfused into any other 
horse without danger of agglutination or 
shock. However, Amadon** and Koch?® re- 
ported that, in rare cases, the blood of one 
horse may be incompatible with that of an- 
other and produce symptoms of shock, in- 
cluding trembling, sweating, and muscular 
weakness, Most workers advise injecting 
blood at nearly body temperature. How- 
ever, Krill*® and others*® stated that there 
was less likelihood of producing shock in 
horses with chilled blood or serum. In- 
jections should be given slowly, with a close 
watch for any reaction that might develop. 
Many serums are pasteurized at 58 C. or 
136.4 F., and if the pasteurizing tempera- 
ture exceeds this temperature, shock fre- 
quently occurs. Milks® and Bastedo* state 
that, in hemorrhage, blood is frequently 
transfused to aid clotting by increasing the 
coagulability of the recipient’s blood. 

Since so much work had been done pre- 
viously with transfusion in horses, only 5 
injections of 500 cc. of citrated blood were 
given to 5 horses, at rates of 63 to 125 cc. 
per minute, at extremes of temperature 
from 32 to 150 F. No unusual clinical 
symptoms developed after any of the in- 
jections, except that 1 horse, injected with 
200 cc. of overheated blood, developed symp- 
toms of shock, including dyspnea, sweating, 
distress, and defecation. No changes oc- 
curred in the blood stream and no signifi- 
cant lowering of the coagulation time re- 
sulted in any of the transfusions. 


HYDROCHLORIC ACID SOLUTION 


The intravenous injection of dilute hy- 
drochloric acid solution was advanced sev- 
eral years ago as a treatment for human 
infections. It has since been used in doses 
of 200 to 500 cc. of a 1: 1,000 to a 1: 3,000 
concentration in veterinary medicine for 
such infectious conditions in horses and 
cattle as mastitis, keratitis, metritis, fistula, 
and puncture wounds. It is highly recom- 
mended by Hixon*' as a treatment for the 
latter condition. Little controlled experi- 


mental work has been done on this type of 
therapy.** The actual mode of action in 
the body is not known. Sollmann® and 
Bastedo* state that this therapy caused a 
flocculation of the plasma proteins with 
colloidoclastic reactions, including stimula- 
tion of leucocytosis, thus increasing the 
body resistance against infection. Due to 
the acidity and hemolytic nature of the 
dilute hydrochloric acid solution, an hem- 
olysis and alteration of blood colloids oc- 
curred that produced a foreign protein- 
like reaction. Others*' state that this 
caused a shifting of the alkaline-acid bal- 
ance of the blood, with an increase in 
phagocytosis. 

In a series of 23 intravenous injections 
of dilute hydrochloric acid solution in con- 
centrations of 1:100 to 1:2,500, 500 to 
4,000 cc. were given to 11 horses. No clini- 
cal reactions to the injections were noted. 
No hemolysis nor change in the total pro- 
tein or specific gravity was observed. No 
significant changes resulted in the hemo- 
globin values, coagulation time, or red cell 
count. No increase in leucocytosis oc- 
curred in any, except 3 horses that were 
Affected, respectively, with a cellulitis of 
the hind limbs, fistula of the withers, and a 
periphlebitis due to the escape of hydro- 
chloric acid solution outside of the vein. 


MISCELLANEOUS OBSERVATIONS 


During the injection of practically any 
material, the horses often became slightly 
restless and champed their jaws. Repeated 
daily injections of nearly any solution over 
a period of time tended to decrease the 
hemoglobin value, specific gravity and total 
protein value, and red cell count, and to 
increase the coagulation time. It was noted 
that, in many horses given near maximal 
intravenous doses of drugs that produced 
a severe physical reaction, there was a 
marked slowing of the sedimentation rate 
of the red blood cells. In giving large or 
near maximal doses of intravenous medica- 
tion to old, thin, or debilitated horses, ex- 
treme care should be used. The injections 
should be given slowly, and the pulse, res- 
piration, and physical reactions should be 
closely observed. 
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Since horse blood has normally a long 
coagulation time, it is often desirable to 
check hemorrhage. Intravenous agents 
such as gelatin, calcium gluconate, sodium 
citrate, oxalic acid, and blood have been 
used as drugs that hasten the coagulation 
time of blood in horses. From graph 1, it 
may be noted that other drugs are even 
more effective than those that have pre- 
viously been used as intravenous agents in 
horses. 

In the experiments with 63 horses and 
mules of all sizes, ages, and conditions, the 
normal coagulation times, pulse rates, res- 
piration rates, body temperatures, specific 
gravity and total protein values, red cell 
counts, white cell counts, and hemoglobin 
values were noted, if possible, and the re- 
sults were compared with those of other 
authors (table 1). However, it should be 


kept in mind, when observing the table, that 
91 per cent of these horses and mules were 
over 12 years of age, most of them were 
fairly thin, and a few of them were suffer- 
ing from various chronic ailments. 


CONCLUSIONS 


These conclusions were based on over 
200 intravenous injections with 20 separate 
materials given to 69 horses. 

1) Small amounts of air or oxygen in- 
jected into the venous circulation were 
harmless, but small amounts of air injected 
into the arterial circulation caused severe 
reactions. 

2) The symptoms produced by the in- 
travenous injection of large amounts of 
air were, primarily, cardiac and respiratory 
embarrassment, together with nervous 
symptoms secondary to a drop in the aortic 
pressure. 

3) Extremes in rates of injection, tem- 
peratures, and amounts of physiological 
saline solutions injected had slight clinical 
effects on the horse. 

4) The normal horse could tolerate 
large quantities of hypotonic solutions in- 
travenously, but amounts over 4,000 cc. 
regularly produced a temporary hemolysis 
of the blood and hemoglobinuria. 

5) Following the hypertonic sodium 
chloride injections, an increased peristalsis 


was noted, together with a definite decline 
in the coagulation time of the blood. 

6) Sodium citrate solutions injected in- 
travenously caused a definite decline in the 
coagulation time, and large injections pro- 
duced symptoms characteristic of acute 
calcium deprivation. 

7) Lang’s solution caused a marked drop 
in the coagulation time, with an increase in 
peristalsis, and when it was injected rap- 
idly in large amounts, it produced symp- 
toms characteristic of acute calcium depri- 
vation. 

8) Intravenous injections of 100 to 200 
cc. of a 5 per cent oxalic acid solution low- 
ered the coagulation time, but produced 
dangerous toxic effects on the circulatory 
and excretory systems. 

9) Magnesium sulfate solutions injected 
intravenously caused a definite decline in 
the coagulation time, but were poor anes- 
thetic solutions as the anesthetic dose was 
too near the fatal dose. 

10) Chloral hydrate was occasionally 
toxic for certain old, debilitated horses, es- 
pecially if the animal struggled during the 
period of narcosis or anesthesia. 

11) Chloral solutions produced a definite 
decline in the coagulation rate and in the 
body temperature. 

12) Following calcium gluconate injec- 
tions, there was a definite decline in the 
coagulation time; large amounts could be 
injected rapidly in horses without produc- 
ing marked clinical symptoms. 

13) Formalin (8 to 16 cc.), in various 
concentrations with distilled water, was 
relatively nontoxic and caused a marked, 
rapid decline in the coagulation time and a 
slight, temporary increase in the red blood 
cell count. 

14) Moderate or large doses of formalin, 
injected rapidly, produced clinical symp- 
toms similar to those of histamine or for- 
eign-protein shock in the horse. 

15) Gelatin solutions produced a marked, 
rapid drop in the coagulation time after 
the injection, with no development of un- 
usual symptoms. 

16) Injections of dilute hydrochloric 
acid did not produce leucocytosis in normal 


Jer 


LY, 1943 


INTRAVENOUS 


INJECTIONS 239 


rses, and failed to produce other observ- 

ble circulatory or clinical effects. 

17) Blood transfusions may be given 
t wide ranges of temperature, from 32 to 
138 F., without ill effects, while the injec- 
tion of overheated blood produced definite 
symptoms of foreign-protein shock. 

18) Tests on 69 normal, experimental 
horses showed an average, slight to definite, 
increase in the coagulation time, respiration 
rate, and pulse rate, and a noticeable de- 
cline in the red blood cell count and hemo- 
globin values when compared with the av- 
erages of other workers. These differences 
might possibly be due to the fact that the 
horses in general were thin and aged. 

19) The circulatory system of the horse 
is capable of handling large volumes and 
strong concentrations of many drugs and 
materials without permanent injury to the 
system or to the body. 

20) There is much work yet to be done 
on the subject of intravenous injections and 
their effects on the horse. 
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The Pathology of Bovine Pyelonephritis 


FRANK THORP, Jr., D.V.M., Ph.D., ROBERT F. LANGHAM, M.S., D.Y.M., 
C. F. CLARK, D.V.M., and E. R. DOLL, D.V.M. 


IN THE PAST, very little work has been re- 
ported on the chemical analysis of the blood 
and urine of animals affected with pye- 
lonephritis. Likewise, the histopathological 
and bacteriological aspects of this disease 
have not been comprehensively covered. 

Boyd'-* and Jones and Little*> have re- 
viewed the literature on this subject. These 
publications mention the history, clinical 
manifestations, bacteriology, and gross 
pathology, together with some microscopic 
tissue studies. 

This paper deals only with biochemistry 
of blood and urine, bacteriology, and 
pathology of 6* cases of pyelonephritis 
since the clinical manifestations have been 
so well depicted by Boyd and by Jones and 
Little. 

Five of the animals were adult females. 
All were examined clinically and the diag- 
noses confirmed by bacteriological examina- 
tion of the urine. The disease in the sixth, 
a male calf, was diagnosed only at the 
autopsy. 

The breed, age, date of last calving, and 
date of autopsy are given in table 1. 

The data in table 2 indicate that in the 
terminal stages of the disease there is an 
increase in the amount of creatinine, non- 
protein nitrogen, and glucose. The urea 
ratio indicated renal impairment in 2 cases.* 

Biochemical tests of the urine showed 
albumin and erythrocytes present, together 
with increased sediment (table 3). 

The first 5 cultures, isolated from adult 
cattle affected with pyelonephritis, are iden- 
tified as possessing the characteristics 


Published with the permission of the director of 
the Michigan Agricultural Experiment Station as 
journal article No. 631, new series. Presented be- 
fore the Section on Research at the seventy-ninth 
annual meeting of the American Veterinary Medi- 
cal Association, Chicago, Aug. 24-27, 1942. 

From the Animal Pathology Section, Michigan 
Agricultural Experiment Station, East Lansing. 

*Since publication of the abstract, 2 additional 
cases have been incorporated into this paper. 


East Lansing, Michigan 
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ascribed to Corynebacterium  renale*” 
(table 4). Culture 5950 (sixth culture), 
isolated from the calf with pyelonephritis, 
was placed in the genus Corynebacterium 
and appeared to be a so-called diphtheroid. 
These 6 cultures were all gram-positive 
rods showing no motility and were non- 
spore forming. They all exhibited beaded 
staining properties characteristic of this 
genus and showed palisade groupings. The 


TABLE | 
INTERVAL 
BETWEEN 
DATE CALVING 
oF Last DaTE AND 
CASE AGE CALY- OF AUTOPSY 
No. BREED (YR.) ING Autopsy (Mo.) 
5350 Angus 7 2/ 4/41 4/10/41 2+ 
1766 Jersey 6 7/25/41 12/10/41 4+ 
6022 Guernsey 10 5/19/41 4/18/42 11 
1820* Guernsey 12 6/—/42 11/13/42 5 
6270 Guernsey 10 5/27/42 10/28/42 5 
5950 Holstein¢t 3/18/42 
*Animal had calved three times since the disease 
was first diagnosed three years previously. 


*Holstein calf, male, 5 weeks old. 


various mediums and tests were prepared 
and executed according to the Manual of 
Methods for Pure Culture Study of Bac- 
teria..° Where fermentation was question- 
able, pH determinations were made with 
the Beckman pH meter. 

In addition to the data presented in table 
4, none of the microérganisms attack dul- 
citol, glycerol, inulin, inositol, mannitol, 
raffinose, salicin, sorbitol, sucrose, or treha- 
lose. Indol and hydrogen sulphide were not 
formed by any of the cultures; likewise 
nitrates were not reduced. The reactions 
(acid, no gas) of the cultures of C. renale 
were remarkably constant in all the me- 
diums. The culture isolated from the calf 
was quite active in attacking various fer- 
mentable substances. In no instance was 
gas formed. 

In tissue sections stained with the Gram- 
Weigert technique,'' bacteria were observed 
in various locations in the urinary tract 
The microérganisms were for the most par‘ 


4 
4 


TABLE 2—Total Cell, Differential Counts and Biochemical Tests on Blood 


As 


10,000 


70 «66.95 14,200 12.5 21 778 0 2 


\verage of 8 normal cows”...... 


*In millions per mm*; per 100 cc. ; 


The biochemical technics were used according t« 
determinations on urine were done with a Beckman pH meter. 


on basis of mg. per cent. 

R.B.C Erythrocytes; W.B.C. 
Poly. Polymorphonuclear leucocytes ; 
Monocytes; Creat. Creatinine; NPN 
Chloride. 


Eosin. 


located in clumps, with a few scattered 
forms throughout the exudate. 

Bacteria were found in the casts of the 
cortical and medullary segments of the 
tubules. In some instances, the tubular 
epithelium in proximity to the casts was 
necrotic. Microédrganisms were observed in 
the necrotic tissue of the renal papillae 
(fig. 3). In the ureters and bladders, nu- 


Fig. I!—Urine sediment, illustrating palisade 
groupings of Corynebacterium renale: (a) Cory- 
nebacterium renale; (b} leucocyte. 
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Jo. R.B.C.* W.B.C. Hp.7 Lym. Eostn. Baso. Mono. Creat. Guuwc. 


tDate in 1942; 


Leucocytes; Hb. 


Nonprotein 


UREA 
RATIO 


Uric 
Acip UREA CHL 


66.0 


1.48 75.00 


1.40 120.00 


144.0 


10 0 65.00 1.17 18.75 130 +; 
100.0 90.90 0.98 


60.00 380 HH 
1.28 10.63 53.13 1.61 7 


21.77 468 


§Four per cent stabs. 
Hawk and Bergeim* and Bray’, and the pH 
Biochemical tests were figured 


Lym. Lymphocytes 
Basophils; Mono 
Glucose; Chil 


Hemoglobin: 
Baso 
Gluc 


Eosinophils ; 
nitrogen ; 


merous bacteria were usually observed 
along the surface and in the epithelial folds. 
The following protocol typifies a case of 


pyelonephritis. 


AN ACUTE FULMINATING PYELONEPHRITIS 
SUPERIMPOSED ON A SUBACUTE TYPE 

The patient (6270) was a Guernsey female, 

age 10 years. The animal first showed symp- 

toms of illness by not eating, on Oct. 16, 1942. 


Fig. 2—Urine sediment, illustrating beaded stain- 
ing of Corynebacterium renale: (a) Corynebac- 
terium renale; (b) leucocyte. 
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Fig. 3—Zone of necrosis of papilla, illustrating 
Corynebacterium renale in the exudate: (a) pa- 
pilla; (b) Corynebacterium renale; (c) leucocyte. 


SYMPTOMS 


10/17/42.—The animal was down and un- 
able to rise. Temperature was 106 F. She 
exhibited mastitis in one quarter; treatment 
was administered. 

10/18/42.—Temperature dropped to 102 F. 

10/19/42.—The animal seemed much 
brighter. 

10/20/42.—The animal seemed much 
brighter. 

10/21/42.—The veterinarian first noticed 
presence of hematuria. Rectal palpation re- 
vealed a probable enlargement of the left 
ureter. 

10/22/42.—A sample of urine was brought 
into the laboratory for examination. It was 
bloody and contained some strands of fibrin. 
The urine was centrifuged and a wet prepara- 
tion under coverslip was made. Numerous 
erythrocytes, leucocytes, and bacteria in clumps 
were present. The urine had a pH of 8.8. Bac- 
teria resembling C. renale were found in a 
smear of the sediment stained with Wright’s 
stain (fig. 1 and 2). No treatment was given 
after this date. 

10/23/42.—The urine was cultured on blood 
agar and small white colonies developed. Mi- 
croérganisms from the colonies when stained 
resembled C. renale. 


10/24/42 to 10/26/42.—Biochemical tests 


were run on both blood and urine (tables ‘ 
and 3). 

10/26/42.—The temperature was 102.4 F. 
Rectal palpation disclosed a much enlarged 
left ureter about the size of a man’s little 
finger. The right ureter was slightly enlarged. 
By means of a catheter, urine was taken from 
the bladder for biochemical studies (table 3). 

10/27/42.—The temperature was 101.8 F. 
Both ureters were enlarged to about the same 
extent (size of a man’s little finger). 

10/28/42.—The animal was killed and exam- 
ined post mortem. 

The kidneys were seared with a hot spatula 
and small pieces of renal substance were re- 
moved with sterile scissors. The tissue was 
touched to blood agar plates, after which the 
plates were incubated for twenty-four hours 
at 37 C. 


Gross PATHOLOGY 

Right Kidney.—The capsule stripped easily. 
The surface of the kidney revealed four cysts 
varying from pinpoint size to 4 mm. in diame- 
ter. Numerous small, gray, focal lesions, 
measuring from 1 to 4 mm., were scattered 
over several lobes. Some had coalesced to form 
a larger lesion measuring 7 by 10 mm. The 
lesions were present for the most part in the 
lobes surrounding the hilus, other lobes being 
relatively free of lesions. On section, the ma- 
jor and minor calices were filled with bloody, 


Fig. 4—Kidneys, enlarged ureters, and bladder 
from a case of pyelonephritis. x1/5. 
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Fig. 5—Sagittal sections of kidneys shown in fig. 

4, illustrating: (a) necrosis of papilla of medulla; 

(b) distended calices; (c) calcified exudate; (d) 
cortical thinning and fibrosis. x1!/5. 


Fig. 7—Sagittal section of kidney illustrated in 
fig. 6; (a) necrosis of papilla; (b) distention of 
calices. x1!/2. 
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Fig. 6—Enlarged kidneys and ureters from a 

case of pyelonephritis: (2) rupture of kidney 

substance; (b) necrotic areas of cortex; (c) dis- 
tended segment of enlarged ureter. x!/5. 


Fig. 8—A ureter, opened, superimposed on 
mucous surface of bladder, illustrating: (a) ne- 
crosis of mucosa, as light-gray streaks; (b) 
marked congestion of bladder mucosa. x!/2. 


ARs 
| 
S 
| 
: 
8 


THORP, LANGHAM, CLARK AND DOLL 


TABLE 3—Biochemical Tests on Urine 


(CASE 
BILE GLue R.B.C. SED. 


No. 
5350 
1766 
4/157 
6022 
4/18 
6022 
10/26 
6270 
6270 t 
Average of 8 normal cows’ 


*Not taken ; 
Alb. Albumin ; 
pH = Hyarogen ion; 
Nonprotein nitrogen; 


Ind. = Indican; Acet. 
Sp.G, — 
Bact = Bacteria. 


yellowish-white fluid having the consistency 
of mucus. Mixed in the fluid were some small 
calculi. 

A dull-gray area, measuring about 1.5 by 2 
em., extended through the entire depth of the 
cortex. This lesion bordered on the necrotic 
medulla, which had practically disappeared. 
The cortex showed a marked edema and was 
thicker than normal. 

The medullary portion of nearly all lobes 
displayed some degree of necrosis, many in- 
volving about one-half the depth of the medul- 


Fig. 9—Section of cortex, illustrating: (a) acute 

glomerulitis, characterized by accumulations of 

polymorphonuclear leucocytes; (b) accumulations 

of leucocytes and increased amounts of connec- 

tive tissue around Bowman's capsule; (c) inter- 
lobular fibrosis. x1!60. 


Specific Gravity ; 


*7Date in 1942; {Color metric method 
Acetone ; Gluc. = 
Sed. 


(CREAT. 


PH 
69.0 
49.5 


29.0 
41.6 
74.0 
95.0 


100.49 


R.B.C. = Erythrocytes ; 
Creatinine; NPN 


Glucose ; 
Sediment; Creat. 


la. Some of the tubules adjacent to the areas 
of necrosis were filled with grayish débris. 

At the hilus, the ureter appeared to show 
some small hemorrhages and suggestion of 
necrosis. The ureter measured about 13 mm. 
in diameter, approximately 7.5 cm., from the 
hilus of the kidney. When the ureter was laid 
open, it measured about 20 mm. across at the 
hilus, and 9 mm. at the bladder. 

Left Kidney.—Similar features were ex- 
hibited as described for the right one, with a 
few exceptions. There were a few calculi pres- 


: (a) atrophying renal 
corpuscle; (b) accumulations of lymphocytes, 
mononuclear phagocytes, and concentric rings of 
connective tissue around Bowman's capsule. «160. 


Fig. 10—Cortex, — 
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t. The left ureter measured about 20 mm. 
diameter. On section, the mucosa showed 
<tensive areas of necrosis and hemorrhage. 
bout 10 em. from the kidney, the ureter was 
ilated to 4 cm. Both kidneys and ureters 
mitted a strong, ammoniacal odor. 
Bladder.—The organ was very much dis- 
ended with foul-smelling urine containing 


Fig. 11—Cortex, showing: (a) interstitial fibrosis 

leading to atrophy and disappearance of tubules; 

(b) accumulations of lymphocytes and a few 
mononuclear phagocytes. x160. 


much blood, fibrin, pus, and thick, tenacious, 
mucous-like material. The surface of the mu- 
cosa was congested and showed some areas 
of hemorrhage. The mucosa was thicker than 
normal and revealed some raised areas which 
at some points appeared pedunculated. 


HISTOPATHOLOGY 

The microscopic pathology corresponded 
very closely to that described later for the 
cases in the body of the paper. 


OTHER CASES 


GROSS PATHOLOGY 

The kidneys were enlarged from slightly 
above normal to approximately twice the usual 
size. The capsules in the less severe cases 
stripped readily, but in the more chronic ones 
they were adherent to the cortical substance. 
In one severe case, the capsule of one kidney 
was greatly thickened due to perforation of 
the kidney substance permitting the escape of 
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urine into the capsule, beneath it, and into 
the peritoneal cavity (fig. 6). 

All of the kidneys showed some mottling 
due to light, grayish-yellow foci, varying in 
size from 1 mm. to an entire lobe or lobes 
(fig. 4). Some of the areas were raised, while 
others were depressed. A few large, gray, 
contracted areas suggestive of scar tissue 
were observed. 


On section, the cortical substance of the 
acute cases cut easily, but in chronic cases, it 
cut with increased resistance (fig. 5). From 
these cut areas exuded a blood-tinged urine 
containing pus, calculi, and stringy, necrotic 
exudate. The cortex varied from 2 to 15 mm. 
in depth. About all that remained in two of 
the kidneys was a shell measuring from 2 to 
3 mm. In others, light-gray streaks extended 
throughout the depth of the cortex, while some 
passed only part of the way. Wedge-shaped 
areas resembling infarcts were seen in some 
instances. 


Fig. 12—Medulla, showing: (a) granular cast in 
distended tubule, with flattening of the epi- 
thelium. x160. 


The medullary lesions were characterized by 
areas of necrosis and suppuration. In the 
most severe cases, the pyramids were com- 
pletely necrotized and sloughed, while in the 
less severe, only small portions had disap- 
peared (fig. 7). The major and minor calices, 
in all cases, were greatly distended with an 
exudate that has been described previously. 
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The ureters were usually enlarged and dis- 
ended, measuring from 8 mm. to 10 cm. in 
liameter. On section, the walls were thick 
and edematous. The mucosa showed varying 
degrees of inflammation. In some, there were 
only marked congestion and a few hemor- 
rhagie areas, while in others, there were nu- 
merous dull-gray streaks suggestive of necro- 
sis (fig. 8). One ureter from each of 2 cases 
was extensively dilated. 

The bladders showed inflammation which 
varied from mild congestion and erosion to 
diffuse congestion and petechial hemorrhages 
(fig. 8). Numerous polypoid growths were 


TABLE 4—Reactions of Microdrganisms Isolated 
from Kidneys 


CaAsE No. 


FERMENTABLE ————— 
SUBSTANCES 5350 1766 6022 1820 6270 


Arabinose 
Dextrin 
Fructose + 
Galactose 
Glucose + 
Lactose — 
Maltose 
Xylose 
Litmus Milk 
Gelatin 


lt 


+ 


q. 


*Slightly acid; +Alkaline; tPeptonized, sediment, 
acid and reduced at bottom of tube. 


observed in 2 cases. The mucosa was thick- 


ened in the majority of the cases and felt 
doughy. 


TECHNIQUE 

The tissues of all cases were fixed in Zen- 
ker’s fluid and 10 per cent formalin. The fol- 
lowing stains were utilized in the study of the 
tissues: Sudan IV stain for fat, hematoxylin 
and eosin, Heidenhain’s aniline blue stain, and 
Verhoeff’s elastic stain." 


HISTOPATHOLOGY 

Kidneys.—Examination of the cases revealed 
lesions of chronicity upon which some acute 
processes were superimposed. Numerous 
lesions, characterized by infiltrations of lym- 
phocytes, mononuclear phagocytes, polymor- 
phonuclear leucocytes, and proliferation of 
fibroblasts and fibrosis, were seen in the inter- 
stitial tissues of the cortex (fig. 11). A marked 
hyalinization of some of the tubules was pres- 
ent. Some small abscesses were noted. The 
tubules sometimes disclosed varying degrees 
of cloudy, swelling, hydropic degeneration, fatty 
degeneration, and necrosis. A small number 
of the tubules showed distention, atrophy of 
the epithelium, and contained casts of poly- 
morphonuclear leucocytes and other débris. 

Seme of the renal corpuscles revealed va- 
rious changes. Congestion was observed in a 
large number of glomeruli. A few showed an 
acute glomerulitis characterized by infiltra- 
tions of polymorphonuclear leucocytes, while 
other glomeruli displayed increased amounts 


of connective tissue and hyalinization (fig. 9). 
Some glomeruli were adherent to Bowman’s 
capsule. The subcapsular spaces often con- 
tained increased numbers of erythrocytes, 
along with a granular material suggestive of 
albumin. A small number were distended. 
Often there were pericapsular infiltrations 
with lymphocytes, mononuclear phagocytes, 
and polymorphonuclear leucocytes. There were 
concentric rings of connective tissue with 
hyalinization around the corpuscles in some 
cases (fig. 10). Some of the renal corpuscles 
were larger than normal, while others were 
smaller. In some instances, the glomeruli 
showed primarily regressive tissue changes, 
such as loss of the glomerular epithelium and, 
in some loops, the loss of all architectural 
design. 

The most important lesions in the medulla 
were marked necrosis of the papilla, along 
with some suppuration (fig. 13). These two 
lesions were present in all cases except 1 
which did not show them. Areas of necrosis 
were bordered by inflammatory zones which 
were characterized by infiltration of lympho- 
cytes, mononuclear phagocytes, polymorphonu- 
clear leucocytes, and varying amounts of con- 
nective tissue (fig. 14). Casts were present 
in some of the tubules (fig. 12). 


The arteries of the kidney tissue adjacent 
to the areas of necrosis displayed varying de- 
grees of arteritis. Numerous thrombi of the 
acute or chronic types were attached to the 
intima (fig. 19). The latter structure was 
sometimes thickened due to proliferation of 
the subendothelial connective tissue cells. The 
media occasionally disclosed some necrosis, 
with replacement fibrosis. In 1 case, the small 
venules revealed numerous thrombi. The above- 
mentioned changes in the vessels probably help 
explain some of the changes observed in the 
cortex. 


In 1 case, the renal branches of the sym- 
pathetic nerve accompanying the renal vessels 
exhibited marked edema beneath the perineu- 
rium (fig. 20). Before entering the hilus, sev- 
eral small branches of the renal artery dis- 
played marked thickening of the intima due 
to increased amounts of connective tissue. The 
internal elasti¢ membrane revealed a large 
amount of splitting and was duplicated. There 
Was some increase in connective tissue of the 
media. 


Ureters.—The ureters were studied in 5 of 
the 6 cases. The mucosa showed the most ex- 
tensive changes. The epithelium exhibited 
numerous changes characterized by swelling, 
irregularity in thickness, pyknosis, and des- 
quamation (fig. 16). The epithelium showed 
a metaplasia simulating the stratified squa- 
mous form in 1 case. The superficial mucosa 
of 2 cases displayed marked necrosis and 
hyalinization (fig. 17). 
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Fig. 17—Ureter, showing necrosis and hyalini- Fig. 18—Artery of ureter, showing thickening 


and vacuolization of the intima with duplication 


ti f rficial ti f sa. x1 60. 
of the elastic membrane. Verhoeff's stain. x160. 


Fig. 19—Small arterioles of kidney, showing Fig. 20—Renal branch of sympathetic nerve, 
thrombosis. x536. showing edema under perineurium. «1/40. 
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The lamina propria of all the cases was 
thickened. The latter condition was due mostly 
to congestion, edema, increased numbers of 
lymphocytes and plasma cells. In 1, there 
were several small areas of suppuration, while 
in 2 others there was a fibrinous and hemor- 
rhagie exudate (fig. 15). Fragmentation of 
the collagenous fibers was observed in 2 cases. 
\ecession 1820 revealed marked fibrosis, in 
addition to some of the foregoing character- 
isties. The endothelial cells of the capillaries 
were swollen. 

The muscle bundles disclosed varying 
amounts of edema, plasma cells, lymphocytes, 
fibrin, and hemorrhage in the interstitial tis- 
sues. Necrosis of some of the muscle bundles 
near the lamina propria was observed in 2 
cases. 

The adventitia revealed the same infiltra- 
tions as did the muscles. Pathological changes 
had occurred in some of the arteries of all 
cases. The chief lesions were observed in the 
intima of the vessels and were characterized 
by proliferation of the subendothelial connec- 
tive tissue cells. The thickened areas were 
sometimes vacuolated, and there was duplica- 
tion and splitting of the internal elastic mem- 
brane (fig. 18). In a few instances, the lumens 
were practically occluded. The media often 
disclosed degenerative changes characterized 
by vacuolization and necrosis, and there was 
some connective tissue replacement. 

Bladders.—The bladders did not show the 
extensive changes observed in the kidneys and 
ureters. Sometimes the epithelium was swollen 
and displayed some desquamation. The nuclei 
of the superficial epithelium were often pykno- 
tic. The lamina propria showed varying de- 
grees of congestion and edema along with 
some hemorrhage. There were some focal areas 
of lymphocytes and plasma cells, together with 
a scattering of these cells. Upon examination, 
the polypoid-like growths observed in 2 cases 
proved to be adenomatous in structure. The 
stroma revealed similar alterations as de- 
scribed for the other cases. In addition, there 
was some increase in connective tissue and 
fibrosis. 


SUMMARY 


The pathology of 6 cases of bovine pye- 
lonephritis was studied. 

Biochemical determinations on the blood 
and urine of 2 cases in the terminal stages 


indicated an increase of creatinine, uric 


acid, and nonprotein nitrogen in the blood. 
The urea ratio disclosed renal impairment. 
There were marked hematuria and albu- 
minuria. The urine contained microérgan- 
isms typical of Corynebacterium renale. 

The bacteria isolated from 5 of the 6 
cases resembled C. renale. The microérgan- 
isms cultured from the sixth case (calf) 
belonged to the genus Corynebacterium and 
was a diphtheroid. 

The kidneys, ureters, and bladder re- 
vealed numerous inflammatory and degen- 
erative changes both grossly and micro- 
scopically. 


ACKNOWLEDGMENTS 


The authors wish to thank Dr. E. T. 
Hallman for guidance and consultation dur- 
ing the prosecution of this project. They 
also express their thanks to Drs. L. B. Sholl, 
G. L. H. Weaver, and E. S. Feenstra for 
their technical assistance. 


References 

‘Boyd, W. L.: 
Vet., 8 (1918): 

“Boyd, W. L.: 
Vet., 17, (1927): 45-60. 

’Boyd, W. L. and Bishop, Lucille M.: 
pbritis of Cattle and Horses, J.A.V M.A., 99, 
154-159. 

‘Jones, F. S., and Little, Ralph B.: Specific In- 
fectious Cystitis and Pyelonephritis of Cows. J. 
Exp. Med., 52, (1925): 593-607. 

‘Jones, F. S., and Little, Ralph B.: The Organism 
Associated with Specific Infectious Cystitis and 
Pyelonephritis of Cows. J. Exp. Med., 4), (1926): 
11-20, 

Hawk, P. B., and Bergeim, O : Practical Physio- 
logical Chemistry, 10th ed. P. Blakiston'’s Son and 
Co., Philadelphia, 1931. ‘ 

‘Bray, W. E.: Synopsis of Clinical Laboratory 
Methods. C. V. Mosby Co., St. Louis, 1936. 

*Fishberg, Arthur M.: Hypertension and Nephri- 
tis, 4th ed, Lea and Febiger, Philadelphia, (1939): 
42-43. 

*Bergey, D. H.: 
teriology, 5th ed. 
Baltimore, 1939. 

*Manual of Methods for Pure Culture Study of 
Bacteria. Biotech Publications, Geneva, N. Y., 
1936. 

“Mallory, F. B.: Pathological Technique. W. B. 
Saunders Co., Philadelphia, 1938. 

“Hutchings, Mary Bruce: Some Observations on 
Blood and Urine of Bovines on Various Diets. A 
Thesis. Graduate School of Michigan State Col- 
lege, 1940. 


Pyelonephritis in Cattle. Cornell 
120-121. 

Pyelonephritis in Cattle. Cornell 
Pyelone- 
(1937): 


Determinative Bac- 
Wilkins Co., 


Manual of 
The Williams and 


vx, 1943 
| 
| 
| 

| 


Studies on Certain Filtrable Viruses: 
V. The Immunogenic Properties of the Entire Chick Embryo 


Inoculated with Fowl-Pox Virus 


W. M. THORNING, B.S., D.V.M., ROBERT GRAHAM, B.S., D.V.M.., 
and NORMAN D. LEVINE, Ph.D. 


Urbana, Illinois 


FOLLOWING the report of Woodruff and 
Goodpasture,' on propagation of fowl-pox 
virus on the chorioallantoic membrane of 
chicken embryo, Brandly,?-* Dunlap,® and 
Brandly and Dunlap* set forth certain ad- 
vantages of the chorioallantoic fowl-pox 
virus over scab-lesion material for field im- 


munization purposes. 


The advantages of the chorioallantoic 
virus prompted a study of the virus content 
of the different portions of the embryo. In 
a preliminary report, Thorning, Graham, 
and Levine (in press) presented evidence 
of the presence of fowl-pox virus in parts 
of inoculated developing chick embryos 
other than the chorioallantois and demon- 
strated that a composite of the embryo 
tissues produced an immune response in 
inoculated susceptible chickens. The pur- 
pose of this paper is to record further ob- 
servations on the immunogenic properties 
of the entire chick embryo (chorioaliantoic 
membrane, yolk and yolk sac, albumen, em- 
bryo proper, and fluids) inoculated with 
fowl-pox virus as established by titrations 
on susceptible chickens and by inoculation 
of farm flocks. 


PREPARATION OF THE ENTIRE-EMBRYO VIRUS 


The eggs used for virus propagation were 
from a pullorum-tested flock; no data were 
available as to the incidence of other disease 
in this flock. A desiccated, chorioallantoic 
virus of the seventy-eighth egg passage was 
the source of virus used in this study. It had 


Presented before the Section on Poultry at the 
seventy-ninth annual meeting of the American 
Veterinary Medical Association, Chicago, Aug. 21- 
27, 1942. 

From the Department of Animal Pathology and 
Hygiene, University of Illinois, Urbana: assistant 
(Thorning), head (Graham), and associate (Le- 
vine). 


been sealed in vacuo and held at 4 C. for ap- 
proximately three and one-half years. 

The fowl-pox virus was propagated by in- 
oculating a 1:100 tryptone broth suspension 
of chorioallantoic virus onto the chorioallan- 
toic membrane of ten- to twelve-day develop- 
ing chick embryos by a modification of Bur- 
net’s? technique. Scotch tape was used rather 
than paraffin and a glass coverslip to seal the 
opening on the side of the egg. After five days 
further incubation at 37 C., the shells were 
cleansed with 70 per cent ethyl alcohol and 
each egg examined by removing the shell and 
outer shell membranes over the artificial air 
sac. Those membranes showing characteristic 
fowl-pox lesions on the chorioallantoic mem- 
branes were harvested aseptically by expelling 
the contents of the eggs into sterile Petri 
dishes with the aid of forceps. Following har- 
vest, embryos were transferred to an electric 
tissue grinder and homogenized to the con- 
sistency of thick cream, placed in open Petri 
dishes, and desiccated in vacuo over calcium 
chloride. The desiccated tissue virus was 
placed in tubes, sealed with paraffin, and 
stored at -4 C. Seven separate lots of entire- 
embryo virus were prepared in this manner, 
each lot consisting of 2 to 3 selected embryos. 
Aérobic and anaérobic cultures of freshly har- 
vested embryos were consistently negative to 
bacterial growth, yet in none of the 7 lots of 
tissue virus prepared was the final product 
free from bacteria. The method of processing 
the entire embryo in open Petri dishes for 
desiccation probably contributed to the bac- 
terial contamination. Lot 1 constituted the 
eighty-first egg passage, lots 2, 3, 4, 5, and 6. 
the eighty-second, and lot 7, the eighty-third 
passage of the strain of virus employed. 


TITRATION OF ENTIRE-EMBRYO VIRUS 


Titrations of the entire-embryo virus were 
conducted on 4-week-old, susceptible chickens 
obtained from a commercial hatchery. In all 
cases, tryptone broth was used as the diluent, 
and the usual dilutions employed were 1: 100, 
1:500, 1:1,000, 1:2,000, 1:5,000, 1:10,000, and 
1:20,000. Additional titrations of virus lot 2 
were made in dilutions up to 1:1,000,000 on 
separate series of chickens. Each dilution of 
different lots of virus was inoculated into 2 
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chickens, and with the exception of lot 7, each 
virus lot was titrated at least twice at dif- 
ferent intervals following preparation. The 
stick method was employed on the unfeathered 
portion of the pectoral region in the majority 
of titrations, while virus lots 1 and 2 were also 
inoculated by the feather-follicle method on 
the thigh. After inoculation, the chickens were 
observed to take reactions on the seventh, 
fourteenth, and twenty-first days. Approxi- 
mately ten days after the third reading, the 
inoculated chickens, together with a suitable 
number of controls, were artificially exposed 
by the feather-follicle method to a 1:100 tryp- 
tone broth suspension of an homologous strain 
of chorioallantoic virus. They were then ob- 
served for an additional period of three weeks. 


The criterion for determining virus titer was 
a take reaction followed by protection against 
artificial exposure. 

The titers of different lots of entire-embryo 
virus ranged from a dilution of 1:500 to 
1:10,000; in a few instances 1 of the 2 chickens 
inoculated showed a take reaction and was 
protected by a dilution of 1:20,000 (table 1). 
There was no significant difference between 
titers obtained with the same lot of virus 
tested at different times after preparation, 
with the exception of lots 1 and 2 which 
appeared to have decreased somewhat in im- 
munogenic activity after storage for eighty- 
four and eighty-one days, respectively. No 
difference was noted in titers obtained by the 
stick and feather-follicle methods in lots 1 


TABLE 1--Titration of Sntire-Embryo Fowl-Pox Virus 


Titer 


Days 
After 
Prevar- 

ation 


Vac- 
cine 
Lot 


1:1,000 
1:10,000 


1 


14 


84 


3° 


11 


19 
81 


10 


72 


ames = 2 chickens showing take and protection; eae = 1 chick- 
en showing take and protection; * = feather-follicle metaod of 
inoculation; ** = highest dilution employed; *** = based on tske 
reaction only since the majority of birds died of coccidiosis 
before exposure to chorioallantoic virus. 
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and 2, but the reactions produced by the 
feather-follicle method were the more severe. 


INOCULATION OF FARM FLOCKS WITH 
ENTIRE-EMBRYO VIRUS 


Thirty-five apparently healthy flocks, 
comprising 25,164 chickens, were inocu- 
lated with a 1:100 tryptone broth suspen- 
sion of entire-embryo fowl-pox virus. Of 
the 35 flocks, 33 were composed of White 
Leghorns, 1 of Barred Rocks, 1 of New 
Hampshire Reds, and 1 flock contained all 
three breeds. Two flocks were inoculated 
by the stick method on the unfeathered por- 
tion of the pectoral region, while the re- 
maining flocks were inoculated by the stick 
method on the lateral aspect of the thigh. 

Entire-embryo virus lot 5 (titer 1:5,000) 
was used in 31 flocks, lot 4 (titer 1:10,000) 
in 3 flocks, and lot 1 (titer 1:10,000) in 1 
flock. Nine days after inoculation, a rep- 
resentative number of chickens from each 
flock (a total of 6,333 chickens, or 25.16% ) 
were examined and an average of 95.58 
per cent take reactions was recorded. The 
percentage of takes ranged from 81 per 
cent in 1 flock to 100 per cent in 6 flocks, 
and a percentage of less than 90 was found 
in only 4 flocks (table 2). None of the 
birds examined had generalized pox as a 
result of treatment, although 1 bird from 
flock 6, which was brought to the labora- 
tory for artificial exposure, had a cutaneous 
pox-like lesion of the eyelid. Other cases of 
pox may have occurred as a result of in- 
oculation and passed unobserved. Three 
flocks reported an increased mortality 
within two weeks after inoculation. A few 
typically affected birds from each of these 
flocks were examined at autopsy and in 
each instance a manifestation of the leuco- 
sis complex was found. It is possible that 
in these flocks the latent leucosis was activ- 
ated by the fowl-pox virus. One of these 
flocks had a history of intestinal coccidiosis; 
yet at the time of autopsy, lesions of this 
disease were not found. 

In order to appraise the degree of im- 
munity induced by entire-embryo virus, 71 
cull chickens, selected from 5 of the flocks 
inoculated, were artificially exposed to a 
1:100 dilution of chorioallantoic virus on 
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the scalp by the feather-follicle method. 
The results summarized in table 3 show a 
relatively close correlation between per- 
centage of takes and immunity to artificial 
exposure as observed in the field. In the 
larger number of chickens (33) from flock 


TABLE 2—Results of Flock Inoculation With 
Entire-Embryo Fowl-Pox Virus 


No. 


No. oF INocu- Ex- PER CENT TAKES 
FLOCKS LATED AMINED RANGE AVERAGE 


100.00 
98.22 
94.38 
$4.00 


§25 100.00 
2240 97.00 - 9999 
3168 96.99 
400 89.99 


90.00 - 
$1.00 - 


95.58 


3 exposed forty-three days after inocula- 
tion, the closest correlation between takes 
and immunity was observed. 


DISCUSSION 

Entire-embryo fowi-pox virus induced a 
high percentage of take reactions in sus- 
ceptible chickens in the laboratory and in 
farm flocks. Subsequent exposure of inocu- 
lated chickens to an homologous strain of 
chorioallantoic virus showed that a high 
percentage of birds was immunized. 


Available evidence does not indicate that 
multiplication of fowl-pox virus occurs in 
various parts of the embryo exclusive of 
the chorioallantois, and until further evi- 
dence is presented, it appears that the virus 
content of the entire embryo, as well as its 
immunogenic activity, is related to the virus 
content of the chorioallantois. The approxi- 
mate wet weight of the infected chorio- 
allantois is one-twentieth that of the en- 
tire embryo. When the entire embryo is 
diluted to 1:10,000, the concentration of 
chorioallantoic membrane will be 1: 200,000. 
However, titers up to 1:10,000 obtained 
with the entire embryo appear to place a 
dilution of 1:100 within the range of prac- 
ticability for field use. If further field 
studies on the inoculation of farm flocks 
show that a 1:100 dilution consistently in- 
duces immunity, the advantage of greater 
tissue virus yield of the entire embryo over 
the chorioallantois may be realized. Until a 
larger number of flocks is inoculated and 
immunity noted in critical exposure tests, 


6 1576 3 
15 8002 
10 14488 
1098 
35 25164 6333 
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e use of entire embryo virus should be 
regarded as experimental for field im- 
munization purposes. 

A single strain of fowl-pox virus was 
itilized in preparing the entire-embryo 
virus for titrations and flock inoculations, 
as well as for exposure in protection tests. 
(he influence of repeated egg passage (81 
‘o 883) and host adaptation on the immuno- 


TABLE 3—Results of Artificial Exposure to Fowl-Pox 
Virus of Chickens Immunized with Entire- 
Embryo Fowl-Pox Virus 


No. No. 
PER CENT Days SHOWING 
TAKES AFTER No. Recep- No. PER CENT 
FLOCK IN TREAT- EXx- ING PRo- PRo- 
No. FLOCK MENT POSED* TAKES TECTED TECTED 


100.00 
84.84 
106.00 
90.00 
90.00 
83.33 


RA 96.16 
iB 87.00 
6 99.50 
°0 99 50 
100.00 
96.73 


96.48 88.73 


Controls 5 0 


*Exposed to chorioallantoic virus on scalp by 
feather-follicle method; fOne chicken had a cu- 
taneous pox-like lesion on the eyelid. 


genic properties of the entire-embryo virus 


has not been compared with other strains 
passed through fewer series. The virus 
strain employed in this study appeared to 
produce a higher percentage of mortality 
in inoculated embryos during a five-day in- 
cubation period than another strain of fowl- 
pox virus which had not been carried 
through as many egg passages. 


SUMMARY 
Results of titration experiments and 
flock inoculations with entire-embryo fowl- 
pox virus containing the extra-embryonic 
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membranes, yolk, albumen, fluids, and em- 
bryo proper of inoculated developing chick 
embryos are reported. Virus titers ranged 
from 1:500 to 1:10,000 as determined by 
the stick and feather-follicle methods of 
inoculation into susceptible chickens. The 
production of immunity was demonstrated 
by exposure of inoculated chickens to an 
homologous strain of chorioallantois-propa- 
gated virus. 

Thirty-five flocks, comprising 25,164 
chickens, were inoculated with a 1:100 
tryptone broth suspension of the entire- 
embryo fowl-pox virus by the stick method, 
and an average of 95.58 per cent takes was 
recorded. In 5 of the 35 flocks inoculated, 
immunity was demonstrated in exposure 
tests. 
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Studies of Hydrogen-Sulfide’ Poisoning 


R. W. DOUGHERTY, B.S., D.V.M., ROBERT WONG, M.S., and 
BERT E. CHRISTENSEN, Ph.D, 


Corvallis, Oregon 


FURTHER information regarding the physio- 
logical effect of H,S is becoming increas- 
ingly important in view of the mounting 
cases of poisoning which can be traced di- 
rectly or indirectly to this reagent.**.°!! 
Some thought in this connection has been 
given to H,S as an industrial hazard.'' Ac- 
cording to Balthazard and Valentin Sava,’ 
H,S acts as a poison of the nervous centers, 
in doses much smaller than those required 
for the characteristic spectrum to appear 
in blood. Yant!’ regards the acute poison- 
ing as due to the toxic action on the nerv- 
ous system produced by the absorption and 


cussed on the question of sulfide poisoning. 
The effect of sulfanilamide, sulfapyridine, 
and prontosil on the formation of sulf- 
hemoglobin has been reported by several 
investigators.®:* Other drugs such as cer- 
tain aniline derivatives have also been re- 
ported in this connection.® 

Several papers in recent years account 
for the formation of sulfhemoglobin on 
the basis of intestinal H,S.*:** According 
to De and Konar,? sulfanilamide acts as a 
catalyst for the reaction of H,S and hemo- 
globin. Harris and Michel’ account for 
sulfhemoglobin in the course of sulfanila- 


TABLE | 


% HEMOGLOBIN 
METHOD CONVERTED TO 
ANIMAL ADMIN. H.-S SULFHEMOGLOBIN 


cc. HS Ccc./MIN. REMARKS 


1) Animals breathing air. 
dog per rectum 
dog per rectum 
dog per rectum 
sheep per rectum 1.2 


175 3. lived 
175 5. died 
225 4. died 
300 10. died 


2) Animals breathing mixture containing 90 per cent oxygen and 10 per cent carbon dioxide. 


dog per rectum 
dog per rectum 1.9 
dog per rectum 5.5 
dog per rectum cis 


650 22 lived 

500 26 lived 24 hrs. 
850 40 died 

400 8 lived 


3) Animals breathing air—CO, introduced intravenously. 


sheep per rectutm 1.2 
sheep per rectum 10.4 
sheep per rectum 3 


2800 a died 
3000 33 lived 100 hrs. 
1500 17 died 


presence of H.S in the blood, which results 
in unconsciousness and respiratory failure 
usually within a few seconds. The impor- 
tant reaction is paralysis of the respira- 
tory center followed in five to ten minutes 
by cardiac failure. He reports no indica- 
tion of a chronic condition which confirms 
the observation of others. 

In view of the rapidly expanding use of 
sulfa drugs, attention is again being fo- 


From the Department of Veterinary Medicine and 
the Department of Chemistry, Oregon State Col- 
lege. 


mide metabolism on the basis of the forma: 
tion of an active substance which causes its 
production. Whether the pathological con- 
dition described as sulfhemoglobinemia is 
due to the presence of sulfhemoglobin in 
measureable concentrations or to other fac- 
tors is not known. 

In this laboratory, the authors have been 
concerned with the réle of H,S in the symp- 
toms and prognosis of acute tympanitis or 
bloat in ruminants. Dougherty** found a 
high concentration in rumens of animals 
suffering from bloat. He reports a com- 
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plete collapse in experimental ruminants 
due to the presence of H,S in sufficient 
concentrations in the digestive tract. 

Since apparently little is known regard- 
ing the nature of H,S poisoning, this in- 
vestigation was undertaken. 
EXPERIMENTS 

Hydrogen sulfide gas, introduced either 
through the stomach or rectum in sublethal 
dosages, was found to diminish the carbon- 
dioxide content of the blood of three ex- 
perimental animals (dog, sheep, cow). 
Sulfhemoglobin could not be detected by 
spectroscopic methods’ in the blood of these 
animals while in lethal doses only traces of 
it were found. These results merely con- 
firm the observations of others.’® 


Since the lethal dose of hydrogen sulfide 
when introduced by way of the rectum or 
stomach is small, it was the opinion of the 
authors that the toxic properties of hydro- 
gen sulfide might be due either to its effect 
on some enzyme (or other delicately bal- 
anced system) or to the failure of the 
respiratory center, or both. 

Since the CO, content of the blood is 
lowered by the presence of H,S, its effect 
on hydrogen sulfide poisoning was studied. 
The results of these experiments are pre- 
sented in table 1. 

From these experiments it is evident 
that CO, has an effect both on the amount 
and rate of the hydrogen sulfide dose which 
may be administered. 

Since it has been shown in the preceding 
experiments that hydrogen sulfide probably 
affects the respiratory system and that ad- 
ministrations of carbon dioxide or mixtures 
of carbon dioxide and oxygen increase the 
animal’s tolerance for the gas, an experi- 
ment was devised to demonstrate whether 
toxie doses of hydrogen sulfide affected the 
respiratory center only, or whether such 
action was incidental to an inhibition on 
some enzyme system affecting all body 
tissues, 

An apparatus was made to administer 
artificial respiration to a guinea pig over 
several hours’ time. It consisted of a water 
suction pump, a milking machine pulsator, 
and a glass mantle from a Mandler filter, 
the latter acting as the respiratory cham- 


ber. Initial experiments to demonstrate the 
effectiveness of this equipment were suc- 
cessful. A guinea pig placed under nem- 
butal anesthesia and put in the artificial 
respiration equipment was in good condi- 
tion at the end of three and one-half hours 
and apparently suffered no ill effects. 
Another guinea pig which was given a 
toxic dose of curare (5 mg. intraperitoneal- 
ly) was still alive after remaining in the 
chamber five and one-half hours. The same 
dose of curare administered in a like man- 
ner to another guinea pig without applying 
artificial respiration killed the animal in 
nine minutes. Respiration stopped four 
minutes after injection. These experiments 
prove that it is possible to keep animals 
alive for several hours after the respira- 
tory apparatus has been paralyzed. 

A guinea pig was given a toxic dose of 
hydrogen sulfide and placed in the artificial 
respiration chamber for two hours. When 
removed at the end of this time, the animal 
was dead. This experiment was repeated 
twice with the same results. 


Some interesting information was de- 
rived in preliminary work in which only a 
part of the animal’s blood was exposed to 
H,S. In these experiments, a considerable 
portion of the blood was removed, treated 
with H,S and again returned to the animal. 
In two test runs using sheep, 3.4 per cent 
of the hemoglobin was converted to sulf- 
hemoglobin in case 1 and 6.9 per cent in 
case 2. After thirty hours, the sulfhemo- 
globin content was again normal. Although 
the urine of these animals was highly col- 
ored during this period, the animals appar- 
ently suffered no ill effects from the experi- 
ment. This indicates that sulfhemoglobin 
is not the cause of death and also lends 
support to the view that some enzyme sys- 
tem might be affected. 


DISCUSSION 


The fact that sulfhemoglobin is found in 
relatively small amounts in the blood of ani- 
mals dying of acute hydrogen sulfide poi- 
soning indicates that its presence has little 
or no bearing on the cause of death. The 
evidence is especially strong when a com- 
parison is made of the amounts found in 
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acute poisoning and the concentrations tol- 
erated by experimental animals transfused 
with blood containing high concentrations 
of sulfhemoglobin. This latter experiment 
suggests that formation of sulfhemoglobin 
provides a protective mechanism. 

During the course of the experiments it 
was noted that sulfhemoglobin is much 
more stable in vitro than in vivo. Blood 
samples were taken just before or imme- 
diately after the heart stopped beating, and 
from animals that lived at the height of the 
H,S intoxication, and sulfhemoglobin de- 
terminations started soon afterwards. It is 
felt that the final determinations are rep- 
resentative, since the blood-sample handling 
time was much less than the time required 
for noticeable breakdown of sulfhemoglobin 
in vivo. 

The results of these experiments indicate 
that there is no satisfactory test or series 
of tests for H,S poisoning. The finding of 
small amounts of sulfhemoglobin might be 
indicative, but would not be conclusive. 

The artificial respiration experiments in- 
dicate that the action of hydrogen sulfide 
is general, the inhibition of the respiratory 
center simply being one of the early mani- 
festations. These experiments corroborate 
the findings obtained from the experiments 
in which carbon dioxide and carbon dioxide 
and oxygen were used. 

The hypothesis advanced, that H,S in- 
activates or inhibits some enzyme system 
and paralyzes the respiratory system, seems 
logical. In support of this view is the ex- 
perimental evidence showing that relatively 
small amounts of H,S are required to cause 
death, the extreme rapidity with which in- 
toxication developed, the high tolerance 
when only part of the blood was saturated 
with H,S, and the rapidity with which ani- 
mals recovered, even when prostrated. The 
latter fact suggests that the reaction is 
readily reversible. In the case of insects 
poisoned with low concentrations of H,S, 
reversible paralysis is reported to have oc- 
curred. 


The lowered CO, content of the blood and 
the early depression of the respiratory cen- 
ter during H.S intoxication suggested the 
use of CO, as a physiological antidote. Car- 


bon dioxide or a mixture of carbon dioxide 
and oxygen administered intravenously or 
by inhalation increased the animals’ tol- 
erance for H.S, but did not prevent death 
when sufficient quantities of the toxic gas 
were administered. It is apparent that 
respiratory center collapse is due to some 
change affecting the enzyme system rather 
than to insufficient concentrations of CO, 
in the blood. 
SUMMARY 

Concentrations of sulfhemoglobin in the 
blood of animals dying of H,S poisoning 
were much less than concentrations of sulf- 
hemoglobin established experimentally in 
animals that lived. 

There was a decrease in the CO, content 
of blood of H,S-intoxicated animals. 

Carbon dioxide given intravenously, and 
a mixture of oxygen (90%) and carbon di- 
oxide (10%) given through an inhalation 
mask, increased experimental animals’ tol- 
erance for, but did not abolish, the toxicity 
of hydrogen sulfide. 

Artificial respiration applied to animals 
intoxicated with hydrogen sulfide prolonged 
life, but did not prevent death. 
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The Blood Picture in Equine Influenza 
CAPT. FRED D. MAURER, V.C., and MAJOR T. C. JONES, V.C. 


Front Royal, Virginia 


[HE PURPOSE of this study is to report the 
characteristics of the blood of horses dur- 
ing the course of equine influenza and its 
complications as they appear at the United 
States Army Remount Depot, Front Royal, 
Va. Knowledge of these characteristics will 
facilitate the differential diagnosis and 
prognosis of the disease. Such information 
also will be a step toward the more com- 
plete understanding which must precede the 
control of equine influenza. 


MATERIALS AND METHODS 


Total erythrocyte, leucocyte, and differential 
leucocyte counts were made daily on 37 horses 
with influenza. Of these 37 horses, there were 
35 geldings and 2 mares. As to type, 35 were 
riding horses, 2 were light draft. The ages 
of these animals ranged from 4 to 8 years. 
These horses were all newly purchased ani- 
mals when they arrived at the depot. They 
were sent directly to the quarantine areas 
where they came in direct contact with many 
acute and early convalescent cases of influ- 
enza. Starting on the first day of exposure, 
temperatures were taken at the same hour 
each morning and evening. Daily blood counts 
were made to establish normals for the indi- 
vidual animals and to observe changes from 
the time of first exposure through convales- 
cence. These cases occurred at times when 
large numbers of horses with influenza were 
being maintained in the same and adjoining 
paddocks. Consequently, there was more or 
less continuous exposure. The influenza virus 
and the usual secondary bacterial invaders 
had every opportunity to become highly viru- 
lent. The horses were fed and could seek 
shelter in an open feed shed. In this group 
under detailed study, only those cases which 
developed serious secondary complications were 
hospitalized and treated. Consequently, the 
majority of these cases ran their natural 
course without interference. 

Blood samples were obtained from the horses 
in this group at the same hour each morning 
before feeding. Fifteen cc. of blood were 
drawn aseptically from the jugular vein with 
a dry, 15-gauge needle into a test tube, marked 
at the 15 cc. level, containing dry potassium 


From Veterinary Research Laboratory, Army Re- 
mount Depot, Front Royal. 


oxalate. The oxalate tubes were prepared by 
placing 0.5 cc. of a 6.0 per cent solution of 
potassium oxalate in each tube. The solution 
was then evaporated to dryness in an inspis- 
sating oven. The potassium oxalate solution 
must be dried at a temperature below 80 C. 
Drying at temperatures above 80 C. will con- 
vert some of the potassium oxalate to car- 
bonates which will not inhibit coagulation. 
Within an hour from the time they were 
drawn, the oxalated blood samples were taken 
to the laboratory where smears were prepared 
and stained. The blood cell counts were made 
usually within three hours and always within 
eight hours of the time the samples were 
drawn. 


The staining of horse blood smears entails 
more difficulties than are encountered with 
blood of most other species. The erythrocytes 
have a tendency for rouleau formation which 
can be avoided only by careful smearing. The 
granules of the immature neutrophiles are 
dificult to stain sharply with the ordinary 
stains suitable for other cell structures. A 
delicate balance of pH must be maintained if 
the stain is to yield good results with both 
erythrocytes and granulocytes. 

In making the smears, it would be best if a 
small drop of blood could be taken directly 
from the horse to the slide; but we find oxa- 
lated blood to be satisfactory if the smears are 
made within one hour. From a sample of blood 
in which the cells are evenly suspended, a 
small drop of blood is placed near one end of 
a scrupulously clean, flamed slide, then quickly 
and evenly spread along the surface with the 
end of a second clean slide. The edge of the 
second slide should be placed at the front edge 
of the drop so that the blood is pulled along 
the surface rather than pushed. This avoids 
mechanical distortion of the cells. By altering 
the angle of apposition of the two slides and 
the speed of the smearing motion, the thick- 
ness of the film can be controlled. Immediately 
after smearing, the film should be dried quick- 
ly in air by whipping the slide through the 
air by hand or by placing it in the draft of 
an electric fan. The more quickly the cells 
dry, the less rouleau formation there will be. 
The thickness of the film can be judged by 
looking through it at daylight. Films of the 
desired thickness will be seen to break up the 
light into a partial spectrum of colors. 

The stain found to give the best and most 
uniform results at this laboratory is a modi- 
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fied combination of Wright’s and Giemsa’s 
stain.! 
METHOD OF STAINING 
1) Make blood smears; dry quickly in air. 
2) Apply 16 to 20 drops of Wright’s stain; 
leave on for one to three minutes (the time 


HORSE OD6I 


FAHRENHEIT 


Chart |—Horse OD6!, a 4-year-old gelding of 
riding type. Equine influenza. 


must be altered slightly depending upon the 
make of stain used). Keep the slide covered 
with a Petri dish to inhibit evaporation. 

3) Add an equal amount of buffered dis- 
tilled water, pH 6.8, to the Wright’s stain on 
the slide. Mix by drawing in and out of the 
dropper several times. Let stand for approxi- 
mately one minute, uncovered, until the char- 
acteristic metallic sheen appears on the sur- 
face. 

4) Wash by flooding off the stain mixture 
with a gentle stream of tap water, or buffered 
water if the tap water has an undesirable pH. 

5) Apply 16 to 20 drops of Giemsa’s stain 
to the moist slide for fifteen minutes. The 
Giemsa’s stain solution is prepared just before 
use by adding 1 drop of Giemsa’s stain to 1 
ec. of pH 6.8 buffer solution. (The Giemsa’s 


Laboratory Methods of the 
Febiger, 


1Simmons, James 8.: 
United States Army, 4th ed. Lea and 
Philadelphia, 1935. 
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stain powder manufactured by the National 
Aniline and Chemical Company is very satis- 
factory. Dissolve 0.5 Gm. Giemsa’s stain pow- 
der in 33 cc. of glycerine at 55 to 60 C. for 2 
hours. To this add 33 cc. of methyl alcohol. 
For use, add 1 drop of this solution to 1 ce. 
of buffered water, pH 6.8.) 

6) Wash, by flooding the slide with tap 
water. 

7) Dry in air. 

A good grade of Wright’s stain is essential. 
The commercially prepared Wright’s stain 
powder sold in sealed vials, which is made 
into solution by the addition of methyl] alcohol, 
is usually satisfactory. This solution will stain 
properly for several months, providing it is 
kept in a tightly stoppered dark bottle, away 
from direct light, acids, and moisture. When 


HORSE 8YI6 


Chart 2—Horse 8Y16, a 4-year-old gelding of 
riding type. Equine influenza with diphasic fever. 


Wright’s staining solution is freshly prepared, 
it is usually more alkaline than after aging. 
To neutralize this alkalinity, a more acid 
diluting fluid should be used, with adjustments 
toward less acidity compatible with the aging 
of the stain. By trial and adjustment, glacial 
acetic acid or sodium hydroxide can be added 
to tap water until the proper pH is obtained 
for satisfactory staining. We find it more 
practical to prepare several! of Sorensen’s 
phosphate buffer solutions between pH 6.2 and 
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After staining two or three smears, the 
rect buffer can be selected and if an addi- 
nal quantity is later required, it can be pre- 
red without repeated adjustment. A diluting 
iid of pH 6.4 to 6.8 will be satisfactory for 
st stains. If the diluting fluid is too alkaline, 
e erythrocytes will be excessively blue; if 
o acid, they will be abnormally red and the 
icocytes will be indistinctly stained. 
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stain, the red cells are a tan to violet-red; the 
neutrophiles, sharply colored, with deep bluish- 
purple nuclei and distinct violet-pink granules. 
The nuclei of lymphocytes are a deeper purple 
and the cytoplasm bluer than of neutrophiles. 
The granules of eosinophiles are a bright red. 


DISCUSSION 
The 37 horses selected for this study, 


Chart 3—Horse OD54, a 4-year-old gelding of riding type. Equine influenza with persistent 
complications. 


The amount of washing and the pH of the 
wash water will alter the results considerably. 
If the available tap water is too acid or alka- 
line, it will be found better to wash the stains 
off with the buffered diluting solution. Ordi- 
narily, excess washing with tap water will 
make the stained film too red, while less wash- 
ing will make it more blue. The precipitation 
of stain on the film can be avoided if each 
stain is gently flooded off the slide with the 
wash water. Pouring off the stain and letting 
the residue partially dry before washing will 
cause the stain to precipitate. When properly 
stained, the film should have a deep orchid 
color, grossly. If too blue, the red cells will 
be indistinct; if too red, the white cells will 
be pale; if green and granular appearing, the 
smear is too thick. Microscopically, when 
stained with combined Wright’s and Giemsa’s 


though not all exposed at the same time, 
all developed influenza a few days after be- 
ing placed with existing cases. As is typical 
in all such groups of horses, the progress 
of the disease and the severity of the com- 
plications were quite variable. The variabil- 
ity is influenced by a number of factors, 
part of which have become apparent 
through observation of several hundred 
cases of equine influenza on this depot. Im- 
portant factors which influence the course 
and severity of the disease include the fol- 
lowing: 1) the virulence of the virus and 
secondary bacteria, and the extent of ex- 
posure to them; 2) the number and condi- 


¥, 1943 259 
| 
a | 
| 
\ 
a 
Noec 
2 
mead 
\ 
tou 


Fig. |—Photomicrographs of blood cells stained by the modified Wright-Giemsa technique. 


a) Segmented neutrophile; b) staff neutrophile; c) juvenile neutrophile; d) eosinophile; e) 
basophile; f) platelets; g) small lymphocyte; h) large !ymphocyte; i) erythrocyte; j) monocyte. 
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ion of susceptible animals, and 3) the sub- 
ection of the animals to cold, wet weather 
luring and after exposure to the virus. 
With these factors under observation, one 
an quite well anticipate the severity of the 
lisease to be acquired by a given group of 
newly purchased horses. The cases devel- 
oping are, consequently, as variable as the 
circumstances surrounding them. It is con- 
venient for study, however, to divide all 
cases into two clinical groups: uncompli- 
cated and complicated. 

Typical of the uncomplicated group are 
those cases which occur early in an out- 
break of influenza among newly purchased, 
susceptible horses. Animals which arrive 
in good condition and are assembled in a 
clean area under favorable surroundings 
will usually develop clinically uncompli- 
cated cases, which are usually mild. A mod- 
erate temperature for several days and a 
serous rhinitis which disappears a few days 
after the temperature settles to normal are 
all that may be observed clinically. Such 
cases are also seen among partially immune 
horses which have not been exposed to the 
disease for some time. Occasionally, such a 
mild syndrome will be seen to progress 
through a group of old army horses, affect- 
ing each of them in turn for a few days, 
but with little or no disability. 

In the group of complicated cases must 
fall all those cases in which secondary bac- 
terial infection plays an obvious clinical 
part. Within this group, we prefer to in- 
clude strangles, purpura hemorrhagica, and 
influenzal pneumonia. 

Random blood counts made upon many 
cases of influenza of various types have in- 
dicated a correlation between the blood pic- 
ture and the clinical status of the cases. If 
this relationship is to have useful clinical 
application, the extent of correlation must 
be determined on a day-to-day basis for the 
various broad types of cases encountered. 
To do this, total erythrocyte counts, total 
and differential leucocyte counts, and Shil- 
ling indexes were determined daily and 
plotted as curves in correlation with the 
temperature and clinical symptoms. 

In this group of horses under detailed 
study, the blood pictures were found to 


correlate quite consistently with the clinical 
appearance of the various types of cases 
and thus are considered useful aids in fol- 
lowing the progress of the disease. 

There were no significant changes in the 
erythrocyte counts in this group of cases. 

The total and differential leucocyte counts 
are best considered in relation to the va- 
rious types of cases. With the mild, un- 
complicated case, the total leucocyte count 
will usually be normal or subnormal at the 
time of the first rise in temperature. As 
the temperature rises, to remain near 104 
F. for five or six days, the total leucocyte 
ccunt will follow upward, well above the 
high normal limit of 12,000 per cmm. With 
the fall in temperature, the total leucocyte 
count will settle back to or below the nor- 
mal zone (chart 1). An analysis of the dif- 
ferential count in this transient leucocy- 
tosis invariably reveals the neutrophiles to 
be primarily responsible. An absolute and 
relative neutrophilic leucocytosis (neutro- 
cytosis),° with a moderate shift to the left, 
is to be expected during the latter part of 
the period of leucocytosis. It is not un- 
common for the neutrophiles to reach a 
count of over 17,000 per cmm. (7,200 neu- 
trophiles per cmm. is a liberal top limit for 
the normal range of the horse). A shift 
to a majority of mature, segmented neutro- 
philes will generally occur soon after the 
neutrophile count has fallen into its normal 
range. This reéstablishment of normal 
numbers of mature neutrophiles at the time 
of resumed normal temperatures will in- 
crease the likelihood of an uneventful con- 
valescence. Lymphocytes and monocytes, 
which are relatively low during the neutro- 
cytosis, characteristically make an absolute 
as well as relative rise during early con- 
valescence and remain near the upper lim- 
its of their normal ranges throughout the 
convalescent period. 

The broad group of complicated influenza 
cases, including all those which develop 
clinically obvious bacterial infection, are 
consequently quite variable. The majority 
of these cases do have some characteristics 


*Kracke, Roy R.: Diseases of the Blood and Atlas 
of Hematology, 2nd _ ed. J. B. Lippincott Co., 
Philadelphia, 1941. 
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Chart 4—Horse 8Y52, a 7-year-old gelding of 
riding type. Equine influenza. Extreme neutro- 
cytosis. 


in common, especially during the prelim- 
inary stages of the disease before the com- 
plications become so severe as to be diag- 
nosed readily by symptoms alone. As with 
the uncomplicated cases, shifts in the total 


leucocyte count are almost invariably domi- 
nated by neutrophiles. 

In these complicated cases, the tempera- 
ture curve is typically diphasic (chart 2). 
The initial temperatures and leucocyte 
counts during the uncomplicated phase are 
essentially like those of the uncomplicated 
cases. For the second phase, instead of 
dropping from the initial rise to remain in 
its normal zone, the temperature falls onl; 
to near normal for a few days, then climbs 
back up to a secondary peak often higher 
than the initial one. Having made its sec- 
ondary rise, the temperature will persist 
above normal for several days, which is 
usually through the most acute phase of 
the secondary bacterial infection. During 
the temporary fall to normal temperature, 
the neutrophiles commonly decrease in num- 
ber, often reaching a leucopenia, only to 
rise to a new high during the secondary 
temperature. The peak of neutrocytosis 
may reach above 35,000 per cmm., and if so, 
pneumonia is to be suspected. Following 
the secondary peak, the temperature curve 
usually drops a degree or two, but will con- 
tinue to fluctuate erratically in accordance 
with the persistence of the complications. 
After having attained its secondary peak, 
the neutrophile curve can be expected to 
drop some in accordance with the tempera- 
ture, but it may continue down to a marked 
neutropenia. The ensuing fluctuations of 
the neutrophile cure will depend upon the 
relative severity of the secondary infection 
and the ability of the body to produce neu- 
trophiles in sufficient numbers. At this 
stage of the disease, the Shilling index is 
helpful in the interpretation of the differ- 
ential counts. A shift to the right, after 
the return of the neutrophiles and tempera- 
ture to their normal ranges, is the common 
forerunner of more favorable clinical symp- 
toms. An increase in both monocytes and 
lymphocytes is to be expected during con- 
valescence. 


CASE STUDIES 


From the 37 cases studied, 5 have been se- 
lected for detailed presentation. These were 
quite typical of the various types encountered. 
The figures used in plotting the leucocyte 
curves were obtained by multiplying the total 
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leucocyte count by the percentage of each type 
of leucocyte. In classifying the neutrophiles, 
Shilling indexes were determined and are men- 
tioned in the text when significant. 

Chart 1 illustrates the blood picture in horse 
OD61, a 4-year-old gelding of riding type. The 
curves of the temperature and leucocyte counts 
of this horse are quite typical of those in pri- 
mary uncomplicated influenza where secondary 
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Chart 5—Horse 9Y24, a 4-year-old gelding of 
riding type. Equine influenza, ped ree by 
strangles and purpura hemorrhagica. 


bacterial infection is clinically absent. Such 
cases are seen early in outbreaks among newly 
purchased animals before the secondary in- 
vaders have become virulent and widespread. 
Clinical symptoms in cases of this type are 
slight. Usually, all that is seen is a mild 
serous rhinitis, starting at the onset of the 
high temperature and disappearing within a 
few days after the temperature has returned 
to normal. As shown in this case, the tem- 
perature generally rises sharply to above 104 
F. where it will remain for a few days and 
then gradually return to normal without a 
secondary rise. The neutrophiles, though sub- 
normal in number at the initial peak of tem- 
perature, rapidly rise in response to the 
infection until there is a moderate neutrocy- 
tosis. A mild shift to the left is often observed 


during the period of neutrocytosis. In this case, 
there was an abnormal predominance of im- 
mature neutrophiles for the nine-day period 
of neutrocytosis. As the neutrophile count re- 
turned to normal, the mature, segmented forms 
became most numerous. The relative increase 
in lymphocytes and monocytes is characteris- 
tic during convalescence. 

Chart 2 is of horse 8Y16, a 4-year-old 
gelding of riding type. The temperatures and 
neutrophile counts of this case formed curves 
typical of equine influenza when clinically com- 
plicated by secondary bacterial infection. Such 
cases occur most commonly during established 
outbreaks when there is ample opportunity for 
bacterial infection. The temperature curve 
was diphasic, with a six-day period of normal 
temperatures between the two zones of fever. 
The neutrophile count rose from normal to a 
moderate neutrocytosis during the initial 
fever, fell to a neutropenia while the tempera- 
ture was normal, then rose again to over 17,- 
000 per cmm. with the secondary temperature 
rise. The neutrophile counts and the tempera- 
ture returned to normal at about the same 
time. 

Chart 3, of horse OD54, a 4-year-old, riding- 
type gelding, presents an example of fever and 
leucocyte curves seen in equine influenza when 
it is followed by complications which persist 
for several weeks. The temperature remained 
above 103 F. for the first three weeks, but 
was intermittently above normal for the nine- 
week period shown. The temperature was 
diphasie only to the extent that it was above 
104 F. for four days, below for seven days, 
then above 104 F. for six days again. A 
rhinitis started with the first temperature rise 
on January 26 and continued through the 
month of March. Strangles developed on Feb- 
ruary 5, at which time there was a neutro- 
penia; but the neutrophile count rose rapidly 
to reach its peak during the secondary tem- 
perature rise. The persistence of the sec- 
ondary infections, as suggested by the erratic 
temperatures and intermittent neutropenia 
during the month of March, was verified clin- 
ically by the continuance of submaxillary 
abscesses (strangles), rhinitis, and cough for 
the entire period shown. Immature neutro- 
philes were dominant from January 26 to 
March 9, at which time there was a shift to 
the right. Though there was a mild neutro- 
penia at this time, the shift to the right 
marked the end of severe temperature and 
leucocyte fluctuations and was the forerunner 
of an uneventful convalescence. The rise in 
the lymphocyte count is to be expected during 
convalescence. 

Chart 4 portrays the case of horse 8Y52, a 
7-year-old gelding of riding type, which pre- 
sents an example of the extreme neutrocytosis 
which may be encountered in cases of equine 
influenza. In this instance, the neutrophile 
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count rapidly rose to over 34,000 per cmm. 
during and immediately following five days of 
fever above 104 F. Having apparently accom- 
plished its purpose, the leucocyte count fell to 
a relatively normal zone commensurate with 
the fall in temperature and the diminishing 
clinical symptoms. Even at the peak of neu- 
trocytosis, the prognosis was encouraging be- 
cause of the dominance of mature, segmented 
neutrophiles. Recovery was uneventful. 

Chart 5 illustrates the case of horse 9Y24, 
a 4-year-old gelding of riding type, which de- 
veloped influenza complicated by strangles and 
purpura hemorrhagica. The temperature peak 
shown on the chart is the secondary rise of a 
diphasic temperature curve. The initial tem- 
perature rise had occurred nine days before, 
on November 17. On November 21, the animal 
developed clinical strangles, followed by a sec- 
ondary fever and neutrocytosis. A purulent 
rhinitis developed on November 24. On No- 
vember 28 the animal was hospitalized because 
of marked dyspnea, rhinitis, and pharyngitis. 
During the next three weeks, there was gen- 
eral recovery; but on January 8, the horse 
developed purpura hemorrhagica. At _ the 
initial appearance of symptoms of purpura, 
the total leucocyte count was 15,000, with a 
neutrocytosis of over 13,000 per cmm. As may 
be seen from the chart, a neutropenia oc- 
curred twice: once prior to and again follow- 
ing a severe neutrocytosis. 

SUMMARY 


A study has been made of the character- 
istics of the blood picture in the horse dur- 
ing infection with equine influenza as it 
appears at an Army Remount Depot. Meth- 
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ods employed in making the blood counts 
are discussed in detail. Charts of tempera- 
ture curves correlated with differential leu- 
cocyte counts are presented for the common 
types of cases encountered. 

Types of cases which were seen may be 
divided into two main groups: 

1) Cases which are clinically uncompli- 
cated by secondary bacterial infection.— 
These cases have a single period of abnor- 
mally high temperature, which persists at 
about 104 F. for several days, then tapers 
off to normal without a secondary rise. The 
leucocyte count, though normal to subnor- 
mal at the onset, will usually rise to a leu- 
cocytosis before the temperature falls and 
then follow the temperature back to normal. 
The leucocytosis is dominated by an abso- 
lute and relative neutrocytosis. 

2) Cases in which the initial disease is 
complicated by secondary bacterial infec- 
tion of variable severity.—These cases are 
characterized by a diphasic temperature 
curve, with the highest peak of neutrocy- 
tosis occurring at the time of the secondary 
temperature rise. The initial temperature 
and leucocyte counts are essentially like 
those which occur in the uncomplicated 
cases. During convalescence, an increase in 
lymphocytes and monocytes is generally 
observed in all types of cases. 
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Staphylococcal Antitoxin in the Blood, Milk, 


and Colostrum of Cows 


W. T. MILLER, D.V.M., M.S., Ph.D., and J. O. HEISHMAN, B.V.Sc. 
Beltsville, Maryland 


THE STAPHYLOCOCCI have not been consid- 
ered in the past of major importance among 
the causes of bovine mastitis. That this is 
not the case seems apparent from reports 
that have appeared in the literature and 
from past experience at the Animal Disease 
Station. Staphylococci have been described 
as the cause of mastitis of varying se- 
verity,'*** and in some herds they have 
occurred quite as commonly as the strepto- 
cocci.’ Many cases were acute*’.? and some 
terminated fatally.. Other authors** have 
mentioned a chronic form of the disease 
that is indistinguishable, other than cul- 
turally, from that caused by the strepto- 
‘occi.**> Many strains of staphylococci that 
have been isolated from these cases are po- 
tent toxin producers.®:**'° It is not sur- 
prising, therefore, that staphylococcal anti- 
toxin can be demonstrated in bovine blood, 
particularly from cows.” Its occurrence in 
milk and colostrum, as well as in secretion 
from quarters affected with mastitis, has 
also been reported. 


In the course of an investigation of 
another phase of bovine mastitis, staphylo- 
cocci were encountered so extensively that 
additional attention to this problem seemed 
warranted. In the course of this work, 
some tests were done to determine the anti- 
toxin content of the blood, milk, and colos- 
trum of cows, and these form the basis of 
this report. 


PROCEDURE 


Bovine blood serum contains a natural 
hemolysin® for rabbit erythrocytes that in- 
terferes with the determination of alpha 
antitoxin by the hemolysin test. Fortunate- 
ly, this factor is thermolabile and can be 
destroyed by heating the serum for thirty 


From the Animal Disease Station, Bureau of Ani- 
mal Industry, United States Department of Agrl- 
culture. 


minutes at 55 to 60 C. In carrying out the 
test, the heated serum was diluted with 
physiological salt solution, so that each 
dilution was double that of the preceding 
one. In other words, starting with un- 
diluted serum in the first tube, the next 
dilution would be 1 in 2, the dilution in the 
third tube 1 in 4, and so on. Routine tests, 
as a rule, were not carried beyond a dilu- 
tion of 1 in 32, but when the titer of a 
sample exceeded that dilution, the tests 
were extended. In doing the actual test, 
1 cc. of whole or diluted serum was placed 
in a small tube, then 1 cc. of adjusted toxin 
containing either one-half or 1 L h dose 
and finally 1 cc. of a 1 per cent suspension 
of washed rabbit red cells was added. After 
incubation at 37 C. for one hour, the tubes 
were shaken and placed in the cold over- 
night. The results were noted the next 
morning. Hemolysis of 50 per cent of the 
red cells was taken as the end-point of the 
titration, and the dilution of serum in 
which it occurred represented the number 
of units of alpha antitoxin in the sample. 
Although bovine serum contains both alpha 
and beta antitoxin, it seemed sufficient for 
present purposes to test for alpha antitoxin 
alone. 


Antitoxin in milk was determinea py 
titration of the whey. One-half cc. of ren- 
net was added to 20 cc. of milk and after 
incubation for one hour at 37 C. the sample 
was centrifuged. Unless gross changes were 
present in the sample, a water-clear whey 
was obtained. The addition of 0.5 cc. of 
50 per cent calcium chloride solution to the 
sample with the rennet solution is of ma- 
terial assistance in obtaining satisfactory 
whey from most mastitis secretions. The 
procedure for whey titration is the same as 
that for serum, except that the toxin solu- 
tion contained only one-half of an L h dose 
per cc. 
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Titration of antitoxin unitage in the 
colostrum and dry secretion was done in 
the same manner as for milk. 

The staphylococcal toxin used for the ma- 
jority of the titrations reported here was 
from the same serial number. The toxin 
was made by inoculating veal broth with a 
24-hour culture of Staphylococcus aureus. 
Twenty per cent CO, in oxygen was bub- 
bled through the broth continuously during 


TABLE 1.—Units of Staphylococcal Antitoxin per cc. 
in the Blood of Cows and Heifers 


UNITS 

ANTITOXIN No. INFECTED Cows 

PER CC. Cows No. %o 
0 57 6 10.5 
0.5 12 2 16.6 
1 20 10 50.0 
1.5 13 5 38.4 
2 20 11 55.0 
3 35 14 40.0 
4 10 7 70.0 
5 2 100.0 
6 23 13 56.5 
8 14 10 71.4 
10 2 1 50.0 
16 x 7 87.5 
24 1 1 100.0 
32 2 2 100.0 
64* 1 1 100.0 

*Acute staphylococcal mastitis. 


five days incubation at 37 C. Most of the 
cells were removed by passing the toxin 
through a Sharples centrifuge and it was 
finally clarified and sterilized by Berkefeld 
filtration. The L h dose of the toxin was 
then determined with a standard antitoxin 
kindly supplied by the National Institute 
of Health, Bethesda, Md. This permitted 
expression of the results in International 
Standard Units of antitoxin.’' The toxin 
used to test most of these samples had an 
L h of 0.125 cc. and therefore required a 
dilution of 1 in 8 to make a solution con- 
taining 1 L h dose per cc. These dilutions 
were made with 0.85 per cent salt solution. 


RESULTS 


Antitoxin in Blood Serum.—Blood sam- 
ples were obtained from 220 cows and 
heifers. The results of titration for anti- 
toxin appear in table 1. Less than one-half 
unit of circulating antitoxin was present 
in the blood of 57, or 25.9 per cent, of these 
animals. This percentage compares with 


26 per cent found by Gwatkin’® in a small 
number of samples collected at the abattoir. 
In male cattle, Minett® reported that 74 
per cent had less than 1.1 units. Although 
the number of animals that has been tested 
is small, it appears that antitoxin occurs 
rather regularly in the blood of cows and 
heifers. 


A wide range in the unitage of antitoxin 
was found in the remaining 163 animals. 
Four units or less were present in 110, or 
67.4 per cent. In the remaining 53 cows, 
the titers extended from 5 to 64 units. The 
latter unitage occurred in a cow with an 
acute clinical case of mastitis. That there 
is only a very rough correlation between 
the titer of antitoxin and the incidence of 
udder infection with staphylococci is evi- 
dent in table 1. In general, as the unitage 
increases, the number of cows with udder 
infection also increases, but it is not until 
the titer rises above 16 units that complete 
agreement is reached. It is apparent, from 
these results, that the presence of antitoxin 
in the blood is not indicative of current 
udder infections in all cases. 


ANTITOXIN IN MILK WHEY 


Aside from two reports,®’° in one® of 
which it was stated that milk whey con- 
tained from one-fortieth to one-sixtieth of 
the antitoxin present in the blood serum, 
nothing has been found in the literature 
dealing with this point. The present results 
agree with those of Minett.? Of 60 milk 
samples from 49 cows, only 1 contained 
over 1 unit of antitoxin. Two or 3 samples 
were obtained from 11 cows at different 
times during the lactation period. As would 
be expected, no antitoxin was found in & 
milk samples from cows without antitoxin 
in the blood. Similarly, no antitoxin oc- 
curred in 26 samples of milk obtained from 
cows with one-half to 16 units of serum 
antitoxin. The remaining 26 samples were 
from cows with 16 to 96 units in the blood. 
The whey titer of 10 of these samples did 
not exceed 1 unit and no antitoxin was pres- 
ent in 16. The milk samples were mostly 
composite, although a few came from indi- 
vidual quarters. 


The blood samples containing from 32 to 
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6 units of antitoxin came from a herd 
that had been injected with staphylococcus 
toxoid. There were 13 of these animals, 
: had one-half unit and a third had 1 unit 
n the milk. 

ANTITOXIN IN COLOSTRUM 


The results of testing the colostrum and 
milk from the same animal, some time after 
parturition, as well as the blood serum, for 
antitoxin, appear in table 2. Unlike the 
milk, colostrum contains appreciable 


Possibly both of these discrepancies could 
be ascribed to individual characteristics of 
the animals. 


It will be observed, in table 2, that the 
antitoxin disappears rather rapidly as the 
udder secretion assumes the chemical com- 
position of milk. In 1 case, no antitoxin 
was present in the milk nine days after 
calving. The results in table 3 are illustra- 
tive of the rate of disappearance of the 
antitoxin. Although the numbers are small, 


TABLE 2.—Staphylococcal Antitoxin in the Blood and Colostrum at the Time of Parturition and in the 
Milk a Few Weeks After Calving 


— COLOSTRUM 
BLooD RF* 


32 
16 


Cow No. 


5 
3 
4 
8 
6 
1 
8 
8 
? 
0 
1 
1 
0. 
2 


3 


16 


*RF = Right front quarter; LF = 
tIndicates composite sample. 


amounts of antitoxin. In some cases, the 
unitage approaches and may even exceed 
the titer of the blood. The latter was the 
case in at least 10 of the cows tested, and 
in several the antitoxin content was four to 
six times higher. Also, in samples from 9 
cows, there was a difference in the titer of 
the individual quarters. Both of these facts 
have been mentioned by Minett.® Although 
this difference may occur in the colostrum, 
it should be noted that it is not reflected in 
the milk from these quarters in most cases. 
In only 1 case could antitoxin be demon- 
strated in the colostrum and not in the 
blood. On the other hand, no antitoxin was 
present in the colostrum of the 4 quarters 
of 1 cow that had one-half unit in the blood. 


ANTITOXIN UNITS PER CC. 


Left front; RR = Right rear; LR = Left rear. 


DAYS 
AFTER 
CALVING 


No samples 
No samples 
No samples 
No samples 


the decrease in antitoxic titer in the 3 cows 
is fairly uniform. 


ANTITOXIN IN WHEY FROM ACUTE MASTITIS 


Quarter samples of udder secretion were 
obtained from 2 cows with clinical cases of 
mastitis. The samples from the affected 
quarters of both animals were visibly al- 
tered, whereas the samples from the others 
appeared to be normal milk. In 1 cow with 
a blood serum titer of more than 16 units, 
the 2 diseased quarters had 16 and 32 units 
of antitoxin respectively. No antitoxin was 
present in the 2 unaffected quarters. 

Somewhat more complete information 
was obtained in the case of the second cow. 
At the time of parturition, the blood serum 
contained 6 units of antitoxin. Colostrum 


40 
d 
d j 
n 
r 4 | 
R LR RF LF RR LR 
— 32 32 32 05 05 05 06 13 
3 3 16 0 0 0 1 14 
3 6 6 5 0 0 0 0 19 
8 8 6 0 0 0 0.75 15 
: 32 32 48 32 0 0 0 0 37 
4 4 4 4 0+ ? 
6 16 6 6 0+ 13 
1, 10 2 2 2 2 0 0 0 0 60 
| 11 1 1 1 1 0 0 0 0 44 
| 12 3 3 3 3 0 0 0 0 43 
| 13 5 0 0 0 0 0 0 0 0 20 ) 
14 | 128 128 128 128 0 0 0 0 29 
1 17 64 64 32 64 2 
18 6 4 4 x 4 
19 | 6 6 4 
. 20 6 3 3 1.5 1.5 ae: 
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from 3 quarters had 4 units and that from 
the fourth quarter slightly less than 8 
units. Thirteen days after calving, the cow 
developed a severe case of mastitis in the 
latter quarter. The secretion was grossly 
changed and contained blood. At this time, 
128 units of antitoxin were present in the 
blood serum, slightly more than 1 unit was 
found in the normal quarters, but there 
were about 32 units in the secretion from 
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TABLE 3.—Rate of Disappearance of Antitoxin From the Udder Secretion After Calving 


Am. J. Ver. Res. 


produce little or no demonstrable toxin, 
whereas the toxin of others, made undcr 
identical conditions, is extremely potent, as 
demonstrated by the usual tests. That this 
factor, together with the greater probabi!- 
ity of permanent infection, would induce 4 
high antitoxin titer in the blood serum 
seems likely. Another point of importance 
in this respect is individual susceptibility. 

Several experiments done at the Animal 


——UNITS OF ANTITOXIN PER CC.—— DAYS AFTER NATURE OF 
Cow No BLoop RF* LF RR LR CALVING SECRETION 
4 8 8 8 8 6 0 Colostrum 
Es 3 3 3 3 4 Milk 
0 0 0 0.75 15 Milk 
5 16 32 32 48 32 0 Colostrum 
- 1 1 1 1 8 Milk 
0 0 0 0 37 Milk 
14 32 128 128 128 128 0 Colostrum 
0 0 0 0 29 Milk 
*RF — Right front quarter; LF — Left front; RR = Right rear; LR = Left rear. a 
+Indicates composite sample. 


the diseased quarter. Samples collected 
from the 4 quarters thirteen days later 
gave almost identical results. Staphylo- 
cocci were found in all 4 quarters. These 
results are somewhat similar to those re- 
ported by Gwatkin'’ in several cases. 


DISCUSSION 


The presence of staphylococcal antitoxin 
in blood serum is indicative of staphylo- 
coccal infection either past or present. Anti- 
toxin may appear in the blood as the result 
of infection in any part of the body. In 
female cattle, one of the principal sites of 
infection is in the udder. However, as 
shown in table 1, the occurrence of anti- 
toxin in the blood of these animals, except 
possibly in high titer, cannot be construed 
as evidence of active infection of this or- 
gan. Several facts may account for this lack 
of correlation. Unlike the more or less per- 
manent infection of the udder with Strep- 
tococcus agalactiae, staphylococci are not as 
uniformly persistent and may disappear at 
any time, although chronic infections with 
this species are not uncommon in many 
herds. Furthermore, there is a great deal 
of difference in the toxigenicity of the va- 
rious strains of staphylococci. Some strains 


Disease Station illustrate these points. 
Over a period of nine months, several quar- 
ters of a cow were exposed with a mod- 
erately toxic strain of Staph. aureus. These 
exposures caused a transient infection 
which, although inducing some slight clin- 
ical symptoms, tended to disappear after a 
few days or weeks. No antitoxin was found 
in the serum during this time. Subsequent- 
ly, exposure of this animal to a morestoxic 
culture resulted in permanent infection and 
the appearance of 3 units of antitoxin with- 
in four months. In a second cow, treated 
with a highly toxic culture of Staph. aureus, 
a permanent infection was established at 
the first exposure and more than 8 units 
of antitoxin developed in the blood within 
five weeks. 


The explanation for the absence or low 
titer of antitoxin in the milk, in spite of a 
high level of antitoxin in the blood serum, 
seems to be found in the lack of permeabil- 
ity of lactating mammary tissue to certain 
blood elements. This is a theory advanced 
by Minett,® and, under the circumstances, 
it merits consideration until experimental 
proof to the contrary is forthcoming. Anti- 
toxin is contained largely in serum pseudo- 
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\bulin, of which little or none occurs in 
rmal milk from an intact quarter. On 
.e other hand, udder secretion containing 
od has a high antitoxin titer when this 
element is present in the blood. Similarly, 
ne relatively high titer of antitoxin in 
colostrum can be accounted for on the same 
sis; that is, greater permeability. That 
he antitoxic titer drops rapidly following 
arturition seems to lend further support 
r this theory. 


Aside from the academic value of these 
results, some practical importance may be 
attached to them. Recent reports from Eng- 
land'?'5 have mentioned the use of toxoid 
in the treatment of staphylococcal mastitis 
with favorable results. In damaged udders, 
evidently a fairly high antitoxic unitage 
would be expected from the use of the 
toxoid. However, what action the antitoxin 
would have on the actual infection is not 
entirely clear. It has been observed at the 
Animal Disease Station that staphylococci 
may persist in quarters that have shown 
appreciable quantities of antitoxin in the 
secretion during the dry period. In view 
of this fact, there is some doubt as to the 
value of using toxoid in the treatment of 
staphylococcal infection of the udder. 


SUMMARY 


A wide variation in the staphylococcal 
antitoxin content has been found in blood 
samples from 220 cows and heifers. No 
antitoxin was found in the blood serum of 
57, or 25.9 per cent, of these animals. Four 
inits or less were present in 110, or 67.4 
per cent. In the 53 remaining animals, 
‘rom 5 to 64 units were found. A clinical 
ase of mastitis was responsible for the 
highest titer. Only a very rough correla- 
‘ion was noted between the antitoxin titer 
f the blood serum and infection of the 
idder with staphylococci. 


Normal milk, of which 60 samples were 
ested, contained 1 unit of antitoxin or less. 
in only 10 samples was any antitoxin found, 
ind all of these were from cows with 16 to 
16 units in the blood serum. Samples of 
ecretion from the quarters of 2 cows with 
‘cute mastitis had 16 and 32 units in the 
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diseased quarters and 1 unit or less in the 
healthy ones. 

The colostrum from cows with antitoxin 
in the blood contained considerable amounts 
of antitoxin. In a few cases, the latter ex- 
ceeded the blood titer from four to six 
times, and in one instance a titer of 128 
units was found. There is also some varia- 
tion in the antitoxin content between the 
4 quarters of some udders. After parturi- 
tion, however, the antitoxic titer drops 
fairly rapidly and in several weeks no anti- 
toxin remains in the milk. 
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The Preservation of Hog-Cholera Virus by Desiccation 
Under High Vacuum 


T. W. MUNCE, Y.M.D., and JOHN REICHEL, V.M.D. 


HOG-CHOLERA VIRUS, as commercially avail- 
able, consists of the phenolized, defibrin- 
ated blood of artificially infected swine 
which are undergoing an attack of acute 
hog cholera at the time their virus-laden 
blood is collected. This product is fre- 


quently referred to as simultaneous hog- 


cholera virus because it is used simul- 
taneously with anti-hog-cholera serum in 
the immunization of swine against hog 
cholera. 


When used in conjunction with anti-hog- 
cholera serum, hog-cholera virus possessing 
high virulence and the proper antigenic 
properties stimulates a strong, active im- 
munity of lasting duration. In spite of 
these valuable features, there are certain 
respects in which the product might be 
improved. Since it is a liquid product, a 
preservative is required. For that purpose, 
phenol in the amount of 0.5 per cent is 
used. The phenol exerts a viricidal action 
which eventually assists in bringing about 
the death of the virus. The longevity of 
the product is, therefore, limited. In fact, 
the United States Bureau of Animal Indus- 
try regulations permit the assignment of 
an expiration dating of only ninety days 
from the date of its production. In view 
of these facts, the authors decided to de- 
termine whether or not the longevity and 
stability of hog-cholera virus might be im- 
proved by preserving it by high vacuum 
desiccation from the frozen state, rather 
than by the addition of phenol to the liquid 
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product. The following experiments ac- 
cordingly were started in March, 1939. 


EXPERIMENTAL 


The liquid product designated in these 
experiments as hog-cholera virus consisted 
of the mechanically defibrinated blood from 
cholera-sick pigs. 

The procedures employed in subjecting 
the experimental lots of defibrinated blood 
virus to high vacuum desiccation while in 
a frozen state were the following: 

1) The defibrinated blood virus was 
placed in glass ampules or in bottles and 
frozen therein by the use of dry ice and 
methyl cellosolve. 


2) The ampules or bottles containing the 
frozen virus were then transferred to a 
desiccating chamber and subjected to a 
vacuum sufficiently high to remove the 
moisture vapor as rapidly as it was re- 
leased from the frozen product. Desicca- 
tion was continued until the moisture con- 
tent of the dried product was reduced to 
less than 1 per cent. 


PREPARATION OF EXPERIMENTAL PRODUCTS 


In the preparation of the experimental 
products, a quantity of defibrinated blood 
virus was withdrawn from a serial lot of 
commercial simultaneous virus after the lot 
had been mixed, but prior to the addition of 
preservative. This mixture of unpreserved, 
mechanically defibrinated blood virus, identi- 
fied in our records as part 17, was then di- 
vided into 4 portions designated as portion A, 
portion B, portion C, and portion D. 


Portion A.—Ten cc. of the virus were placed 
in each of a number of 20-cc. ampules. These 
were frozen and then desiccated under high 
vacuum. Following desiccation, a vacuum was 
drawn on each ampule, a rubber stopper was 
inserted deep in the neck of the ampule, and 
the neck then was flame sealed. 


Portion B.—Ten ce. of the virus were place: 
in each of a number of 20-cc. ampules. Thes« 
were neither frozen nor desiccated. A low 
vacuum was drawn on each ampule, a rubbe 
stopper was inserted deep in the neck, and the 
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eck was then flame sealed. Portion B was 
neluded in the experimental materials to 
erve aS an unprocessed, unpreserved, liquid 
virus control in judging the effects of high 
vacuum desiccation, as might be demonstrated 

y portions A and C. It also was included 
for consideration in judging the suspected 
viricidal action of the phenol in liquid virus, 
as might be demonstrated by portion D. 

Portion C.—Ten ce. of the virus were placed 
in each of a number of 25-cc. virus bottles 
manufactured from Owens-Illinois 1845 glass. 
These were frozen and then desiccated under 
high vacuum. Following desiccation, a vacuum 
was drawn on the bottles and sleeve-type rub- 
ber stoppers were inserted. Portion C was 
included in the experimental materials for 
comparison with portion A, in order to learn 
whether or not rubber-stoppered virus bottles 
might prove as satisfactory as flame-sealed am- 
pules for the desiccation of hog-cholera virus 
under high vacuum and for the storage of the 
dried product thereafter. 

Portion D.—A sufficient quantity of 5 per 
cent phenol was added to the virus to bring 
its phenol content to 0.5 per cent. Ten cc. of 
this phenolized, liquid virus were placed in 
each of a number of 15-cc. bottles and sleeve- 
type rubber stoppers were inserted. This por- 
tion was neither frozen nor desiccated. In 
every respect, the method of its production 
was the same as that followed in producing 
our present day commercial simultaneous hog- 
cholera virus. 


STORAGE OF EXPERIMENTAL PRODUCTS 


Automatically controlled incubators and re- 
frigerators were set up and containers from 
portions A, B, C, and D were stored at each 
of the following temperatures: 

37 C. (Incubator temperature. ) 

20 C. (Approximately room temperature.) 

2to6C. (Refrigerator temperature.) 


INFECTIVITY TESTS 


Infectivity tests of portions A, B, C, and 
D were conducted at intervals to determine 
the length of time that each portion re- 
tained its infective properties. 

In each infectivity test, 3 cholera-sus- 
ceptible pigs weighing 50 to 90 lb. were 
used. Each test pig received either 2 cc. of 
liquid virus, or the equivalent of 2 cc. of 
liquid virus when a desiccated product was 
used. In judging the results of the infec- 
tivity tests, no attempt was made to inter- 
pret results which were not clear-cut. Such 
tests were regarded as not conclusive and 
the tests were repeated. 

A product was considered to be infective 


when it caused definite illness in at least 
2 of the 3 test pigs on or before the seventh 
day following inoculation, provided that the 
symptoms, course of the attack, and lesions 
associated with such illness were those 
which are considered characteristic of 
acute hog cholera. 

The susceptible pigs were transferred in 
disinfected trucks directly from farms to 
an isolated building. They were held in ele- 
vated, metal, tank-type pens, which were 
screened against flies and had sewer out- 
lets effectively trapped to exclude mice, 
rats, and insects. Metal, tank-type pens 
were used because they could be effectively 
cleaned and disinfected so far as the virus 
of hog cholera is concerned. The pigs were 
held in these pens for a period of ten to 
twelve days before they were inoculated, in 
order to avoid the use of pigs which might 
have been exposed to hog cholera prior to 
or during their admission. 

In preparing the desiccated products for 
injection into animals, a sufficient quantity 
of sterile distilled water was added to 
bring the final volume of the restored prod- 
uct to the volume of the original product 
prior to desiccation. 

The results of all infectivity tests are 
shown in chart 1. 


INFECTIVITY TESTS OF PRODUCTS 
STORED AT 37 C. 


Portion A (desiccated virus, in vacuo io 
flame-sealed ampules) was consistently in- 
fective for 328 days. In 4 tests from the 403rd 
day through the 508th day, the results were 
not conclusive. At 816 days, it was nonin- 
fective. 

Portion B (liquid, unpreserved, unprocessed, 
defibrinated blood virus, stored in vacuo in 
flame-sealed ampules) was noninfective when 
tested at seventy-nine days, the time of our 
first test. It is unfortunate that we were un- 
able to test this product sooner, because we 
learned from subsequent experiments that un- 
preserved, liquid, defibrinated blood virus, 
similar to portion B, loses its infectivity be- 
tween fourteen and twenty-one days when 
stored at 37 C. In chart 1, therefore, we are 
showing an infectivity period of twenty-one 
days for portion B when stored at 37 C. 

Portion C (desiccated virus, in vacuo in bot- 
tles closed with rubber stoppers) was infec- 
tive for 152 days. 

Portion D (phenolized, liquid, defibrinated 
blood virus, stored in rubber-stoppered bot- 
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tles) was noninfective on first test at seventy- 
nine days. As in the case of portion B, we 
were unable to test portion D sooner. Subse- 
quent experiments proved that phenolized, 
liquid, defibrinated blood virus, similar to por- 
tion D, loses its infectivity between seven and 
fourteen days when stored at 37 C. These 
findings are in agreement with results re- 
ported by Chapin, Powick, McBryde, and Cole’ 
and by Ray and Whipple.’ In chart 1, there- 
fore, we are showing an infectivity period of 


tles closed with rubber stoppers) was infec. 
tive through 1,029 days. 

Portion D (phenolized, liquid virus in rub. 
ber-stoppered bottles) was noninfective at 
ninety-three days, the time of the first test, 
Earlier tests doubtless would have revealed a 
shorter period of infectivity for this product. 
INFECTIVITY TESTS OF PRODUCTS 
STORED AT 2 TO 6 C. 

Portion A (desiccated virus, in vacuo in 
flame-sealed ampules) was infective at 1,125 


Chart I—Retention of Infectivity 


STOR POR NUMBER OF DAYS 
AGE 
TEuP,| TION 
@) 100 200 390 400 590 690 _790 890 990 1000 1100 
A 328 days 
B 21 days 
37 C. 
p 14 daye 
A 
B 328 days 
20 C. 
Cc 1029 days 
D pew 93 days (7) 
A 
2 B 508 days 
to 
6 Cc, 
D 454 days 
A = Desiccated virus, in vacuo in ampules. 
B = Unpreeerved, liquid virus, in vacuo in ampules. 
C = Desiccated virus, in v in rubber-stoppered bottles. 
D = Phenolized, liquid virus, in rubber-stoppered bottles. 
fourteen days for portion D when stored at days, the time of the last test. Additional 


37 C. 
INFECTIVITY TESTS OF PRODUCTS 
STORED AT 20 C. 


Portion A (desiccated virus, in vacuo in 
flame-sealed ampules) was still infective on 
the last test, made at 1,125 days. Future tests 
will be necessary to determine the entire pe- 
riod of infectivity for this product. 


Portion B (liquid, unpreserved virus, in 
vacuo in flame-sealed ampules) was infective 
through 328 days. 

Portion C (desiccated virus, in vacuo in bot- 

iChapin, R. M, Powick, W. C., McBryde, C. M., 
and Cole, C. G.: The Influence of Hydrogen-lon 
Concentration on the Survival of Hog-Cholera 
Virus in Defibrinated Blood. J.A.V.M.A., 95, (1939): 
494-496. 

“Ray, J. D., and Whipple, G. EF. : 
Immunizing Properties of Hog-Cholera Virus. 
Iowa Vet., 18, (1942): 5-12. 


Effect of Heat on 
The 


tests will be necessary to determine the en- 
tire period of infectivity for this product. 

Portion B (liquid, unpreserved virus, i 
vacuo in flame-sealed ampules) was infective 
at 508 days. At 816 days, it was noninfective. 

Portion C (desiccated virus, in vacuo in bot- 
tles closed with rubber stoppers) was still in- 
fective at 1,125 days, the time of the last test. 
Additional tests will be necessary to determine 
the entire period of infectivity for this 
product. 

Portion D (phenolized, liquid virus in rub- 
ber-stoppered bottles) was infective in all 
tests conducted prior to 403 days. In a test 
conducted at 403 days, we unknowingly used 
pigs which were immune to hog cholera. That 
test, therefore, should be ignored. At 454 days, 
the product was infective. At 508 days, it was 
very weakly infective. At 816 days, it was 
noninfective. Considering all features of these 
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last 4 tests, portion D was infective at 454 
lays; at 508 days, its infectivity was ques- 
tionable, and at 816 days, it was noninfective. 


PESULTS WITH OTHER LOTS OF VIRUS 


In considering the foregoing results with 
virus desiccated under high vacuum, the 
question naturally arose as to whether or 
not the virus might have been a freakish 
or an atypical product. To answer that 
question, infectivity tests were conducted 
on unrelated lots of virus identified in our 
records as part 18-A, part 19-A, and part 
25-A. In these 3 experimental lots, the un- 
preserved virus had been desiccated and 
stored in flame-sealed ampules. They had 


been stored at 20 C, (approximately room 
temperature) for the following periods: 


826 days 

The equivalent of 2 cc. of the original 
virus was inoculated into each of 3 sus- 
ceptible pigs. In these tests, parts 18-A, 
19-A, and 25-A were highly infective, prov- 
ing that the results obtained in the infec- 
tivity tests of portions A and C of part 17 
may be anticipated in the use of unrelated 
lots of hog-cholera virus desiccated under 
high vacuum. 
ANTIGENICITY TESTS 


Antigenicity tests were carried out by 
administering the desiccated virus and lib- 
eral field doses of anti-hog-cholera serum 
to cholera-susceptible pigs. Each pig re- 
ceived an amount of desiccated virus equiv- 
alent to 2 cc. of the original defibrinated 
blood virus. The pigs were held in nonin- 
fectious quarters. A period of eight weeks 
or longer elapsed between the administra- 
tion of the virus-serum treatment and the 
time the antigenicity tests were conducted. 
This procedure was employed in order to 
allow the pigs to lose the passive immunity 
conferred by the serum. At intervals 
thereafter, small groups of the pigs were 
removed to other quarters where their ac- 
tive immunity was challenged by the inocu- 
lation of substantial doses of hog-cholera 
virus of known virulence. The challenging 
doses of virus varied from 4 to 1,600 cc. 
per pig and were administered to some 
groups of pigs after a period as long as 


thirty-six weeks subsequent to the admin- 
istration of the desiccated virus and anti- 
serum. 

The first antigenicity test was conducted 
on portion A, part 17 (desiccated virus in 
flame-sealed ampules), which had _ been 
stored for a period of 139 days at a tem- 
perature of 2 to 6 C. Twenty-three pigs 
were used. Sixteen of the pigs each re- 
ceived a 4-cc. challenging dose of virulent 
virus. The challenging dose for the re- 
maining 7 pigs was 5 cc. of virulent virus, 
intravenously, per lb. of body weight. Since 
the body weight of the latter animals 
ranged from 140 to 320 lb. at the time of 
the tests, their challenging doses ranged 
from 700 to 1,600 cc. of virulent virus. The 
challenging doses of virus were admin- 
istered at periods ranging from eight to 
thirty-six weeks following the original 
virus-serum treatment. All of the 23 pigs 
remained normal following the administra- 
tion of the challenging doses of virulent 
virus. 

The second antigenicity test was con- 
ducted on portion C, part 17 (desiccated 
virus in rubber-stoppered bottles), which 
had been stored for 666 days at a tempera- 
ture of 2 to 6 C. Eleven cholera-susceptible 
pigs were used. The immunity of the pigs 
in the first group was challenged at fifty- 
six days and that of the last group was 
challenged at ninety-six days following the 
original virus-serum treatment. Six of the 
11 pigs each received a 4-cc. challenging 
dose of virulent virus. The remaining 5 
pigs each received 5 cc. of virulent virus, 
intravenously, per lb. of body weight. All 
of the 11 pigs remained normal after re- 
ceiving these challenging doses of virus. 

The results of these two antigenicity 
tests proved that hog-cholera virus desic- 
cated under high vacuum is capable of 
stimulating a strong and prolonged im- 
munity, even after storage in vacuo in a 
desiccated state at 2 to 6 C. for as long as 
666 days. 


RETENTION OF INFECTIVITY BY EXPERIMENTAL 
PRODUCTS EXPOSED TO A TEMPERATURE OF 60 C., 


An experiment was conducted for the pur- 
pose of determining the effect upon the reten- 
tion of infectivity by liquid, phenolized, de- 
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fibrinated blood virus and by corresponding 
unphenolized virus desiccated under high 
vacuum when both products were exposed to 
a temperature of 60 C. (140 F.). A quantity 
of unpreserved, mechanically defibrinated 
blood virus was withdrawn from a serial lot 
of commercial simultaneous virus after the 
lot had been mixed, but prior to the addition 
of preservative. This quantity of virus, iden- 
tified in our records as part 132, was divided 
into portions designated as portion 1 and por- 
tion 2. 

Portion 1—A sufficient quantity of 5 per 
cent phenol was added to the virus to bring 
its phenol content to 0.5 per cent. Ten cc. of 
this phenolized, liquid virus were placed in 
each of a number of 15-cc. bottles and sleeve- 
type rubber stoppers were inserted. 


Portion 2.—Ten cc. of the unpreserved virus 
were placed in a number of 20-cc. ampules. 
These were frozen and then desiccated under 
high vacuum. Following desiccation, a vacuum 
was drawn on each ampule, a rubber stopper 
was inserted deep in the neck of the ampule, 
and the neck then was flame sealed. The con- 
tainers comprising portions 1 and 2 were then 
placed in a cabinet, the temperature of which 
was held at 60 C. After an exposure period 
of five hours, a bottle of portion 1 was re- 
moved for infectivity test. Ampules of portion 
2 were removed for infectivity tests after ex- 
posure periods of ten, twenty, twenty-five, 
forty-eight and ninety-six hours. 

In conducting infectivity tests of portions 
1 and 2, the same precautions and procedures 
were followed throughout as have been de- 
scribed earlier herein in connection with in- 
fectivity tests of other experimental products. 
Three cholera-susceptible pigs were used in 
each test. The results of these infectivity tests 
proved that portion 1 (phenolized, liquid, de- 
fibrinated blood virus, in rubber-stoppered 
bottles) was noninfective after exposure to a 
temperature of 60 C. for five hours, while 
portion 2 (desiccated, unphenolized corre- 
sponding virus, in vacuo in flame-sealed am- 
pules) remained infective after storage pe- 
riods of ten, twenty, twenty-five, forty-eight, 
and ninety-six hours at 60 C. Portion 2 virus 
stored for longer than ninety-six hours at this 
temperature was not available for testing. 


SUMMARY 


When desiccated under high vacuum and 
stored in vacuo in flame-sealed ampules, 
hog-cholera virus of blood origin remained 
infective after exposure to a temperature 
of 60 C. for ninety-six hours, Phenolized, 
liquid virus from the same mixture was 
noninfective after exposure to the same 
temperature for five hours. 


When desiccated under high vacuum and 
stored in vacuo in flame-sealed ampules, 
hog-cholera virus of blood origin retained 
its infectivity for 328 days at 37 C. This 
328-day period of infectivity was more 
than twice as long as for corresponding 
desiccated virus stored in vacuo in rubber- 
stoppered bottles at this temperature. It 
was approximately 15 times as long as for 
unpreserved, liquid virus from the same 
virus mixture stored at the same tempera- 
ture. It was approximately 23 times as 
long as for phenolized, liquid virus from 
the same virus mixture stored at this tem- 
perature. 

Hog-cholera virus of blood origin, when 
desiccated under high vacuum and stored 
in vacuo in flame-sealed ampules at 20 C. 
(approximately room temperature) was 
still infective in the last test, which was 
conducted after a storage period of 1,125 
days. Additional tests will be required to 
determine the entire period of infectivity 
for this product. This period of infectiv- 
ity to date, namely, 1,125 days, already is 
more than 3 times as long as for corre- 
sponding unpreserved, liquid virus, and 
more than 12 times as long as for corre- 
sponding phenolized, liquid virus, all storeé 
at the same temperature. Corresponding 
virus, desiccated under high vacuum and 
stored in vacuo in rubber-stoppered bottles 
at this temperature, retained its infec- 
tivity for 1,029 days. 

Hog-cholera virus of bdiood vrigin, when 
desiccated under high vacuum and stored 
in vacuo in either flame-sealed ampules or 
in rubber-stoppered bottles at 2 to 6 C., 
was still infective in the last tests, after a 
storage period of 1,125 days. Additional 
tests will be necessary to determine the 
entire period of infectivity for this prod- 
uct. The incomplete period of its infec- 
tivity to date, however, already is more 
than twice as long as that of correspond- 
ing unpreserved, liquid virus and that of 
corresponding phenolized, liquid virus, all 
stored at a temperature of 2 to 6 C. 

The results of the infectivity tests of the 
desiccated products stored at 37 and at 20 
C. indicate that the virus desiccated under 
high vacuum and stored in vacuo in flame- 


i 

4 

hi 


¥ 
¥ 
i 


HOG-CHOLERA VIRUS 275 


ealed ampules retained its infectivity 

nger than when desiccated and stored in 
acuo, at those temperatures, in rubber- 
stoppered bottles. 

A comparison of the results of the tests 
for retention of infectivity by portions B 
and D indicate that the phenol was a fac- 
‘or in the shorter period of infectivity dem- 
onstrated by phenolized, liquid, hog-cholera 
virus when stored at 37 C., at 20 C., and 
at 2 to 6 C. 

The results of the tests for retention of 
infectivity by parts 18-A, 19-A, and 25-A 
confirm the results of the tests for reten- 
tion of infectivity by part 17. These re- 
sults indicate that a similar retention of 
infectivity may be anticipated regularly in 
hog-cholera virus of blood origin which has 
been subjected to desiccation under high 
vacuum. In this and in similar experi- 
mental work, there has been no evidence of 
injury to the infectivity nor to the anti- 
genicity of hog-cholera virus as a result of 
having been subjected to desiccation under 


high vacuum, provided the procedure was 
properly carried out. 

The results of the tests for retention of 
antigenicity proved that a satisfactory de- 
gree of antigenicity was retained for at 
least 666 days, when the desiccated prod- 
uct was stored in vacuo in rubber-stoppered 
bottles at a temperature of 2 to 6 C. It is 
believed that subsequent tests will reveal 
the retention of satisfactory antigenicity 
for a much longer period, especially in the 
case of the desiccated virus stored in vacuo 
in flame-sealed ampules at 2 to 6 C. 
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The Effect of Sulfapyridine on Cows Known to Eliminate 
Brucella Abortus in the Milk 


I. LIVE, V.M.D., M.A., Ph.D., E. L. STUBBS, V.M.D., and M. R. GARDINER, Jr., V.M.D. 
Philadelphia, Pennsylvania 


SULFAPYRIDINE has been used in the treat- 
ment of experimental brucellosis in ani- 
mals. Wilson and Maier! treated guinea 
pigs infected with Brucella abortus by oral 
and subcutaneous administration of sulfa- 
pyridine. The treatment was begun six 
weeks after infection in one experiment, 
and three days after infection in another, 
and lasted from two to six weeks in the 
different groups. The best results were 
obtained in the guinea pigs treated for six 
weeks. Kolmer? used sulfanilamide, sulfa- 
pyridine, and allied compounds in the treat- 
ment of acute brucellosis in mice. He ob- 
tained the best therapeutic results in the 
case of the mice infected with Br. abortus. 
King and Lucas* injected groups of guinea 
pigs with Brucella melitensis, Brucella suis, 
and Br. abortus, and began treatment with 
sulfapyridine one and one-half hours and 
six hours after infection, respectively. The 
treatment lasted twenty-one days, and 
from the results of the autopsies, they con- 
cluded that the drug did not cure guinea 
pigs infected with Brucella. Hamann and 
Huddlesont administered varying amounts 
of sulfapyridine to guinea pigs infected 
with Br. abortus. The treatment was 
started twelve days after infection and 
lasted ten days. The authors came to the 
conclusion that the treatment had little, if 
any, effect on the course of Brucella in- 
fection. 


In the present study, cows naturally in- 
fected with Br. abortus and eliminating the 
organisms in the milk were treated with 
sulfapyridine. The influence of the drug 
upon the infection was judged by the pres- 
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ence of Brucella in the milk during and 
after treatment, as well as by the agglu- 
tination titers of the blood and milk. 


MATERIALS AND METHODS 


Status of Animals.—Six cows, numbered 
6, 12, 15, 139, 160, and 561, were used. The 
histories of 3 of these, i.e., 139, 160, and 561, 
were known. They were 11, 7% and 5% years 
old, respectively. These 3 animals came from 
a herd in which brucellosis had existed for a 
number of years, and in which blood-testing 
had not been carried out for about six years. 
According to the last official test in 1935, 
cows 139 and 160 were positive. Cow 561 was 
not in the herd at that time. In experimental 
testing in 1941, the 3 animals were found 
positive to the blood agglutination test, and 
upon culturing, their milk proved to be shed- 
ding Brucella. From the history, it was ob- 
vious that these animals had been infected for 
a long period of time, and, therefore, had been 
suffering from chronic brucellosis. Cow 139 
produced 8 live calves, but twice her after- 
birth had to be removed manually. Cows 160 
and 561 produced 3 live calves each. However, 
all 3 cows had some breeding difficulties. None 
of the 3 cows was pregnant at the start of 
the experiments. 


The herd from which the other 3 cows 
came, namely, cows 6, 12, and 15, was under 
the federal-state program for the eradication 
of brucellosis. They passed a negative ag- 
glutination test in June, 1941, but were found 
to be positive on a retest in October, 1941. At 
that time, Br. abortus was recovered from milk 
samples of all 3 animals. In this case, it would 
appear, judging by the results of the aggluti- 
nation tests, that the cows had become in- 
fected more recently. Breeding histories 
could not be obtained on these animals, but 
cows 6 and 15 were pregnant at the time the 
sulfapyridine experiment was started. The 
ages of cows 6, 12, and 15 were estimated to 
be 5, 15, and 6 years, respectively. 

The 6 cows were purchased for the purpose 
of investigating the therapeutic effect of sul- 
fapyridine against brucellosis. They were 
housed on the University Farm about 30 miles 
from the laboratory. 

Milk Cultures.—The milk samples were co!- 
lected in each instance into sterile vials with 
metal screw caps. The udder and flanks were 


— 


1943 


washed with a mild antiseptic solution and 
dried, and the teats were wiped with 70 per 
cent alcohol. The first few streams of milk 
were discarded and then 20 to 25 cc. of milk 
were collected from each quarter into a sep- 
arate vial. The milk samples were placed in 
a refrigerator, usually for eighteen to twenty- 
four hours, and then about 0.2 ce. of gravity 
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cream from each sample were transferred to 
each of two Petri dishes containing about 10 
ec. of tryptose agar. The culture medium con- 
tained crystal violet in a proportion of 1: 
700,000, as recommended by Huddleson,° to 
inhibit the growth of gram-positive organ- 
isms. The cream was spread on the surface 
of the medium by means of sterile glass rods 


Chart I—Studies on Cow 6 
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bent at an angle of 90 degrees, a separate 
sterile pipette and glass rod being used for 
each quarter sample of milk. The plates were 
incubated under 10 per cent CO, tension for 
five to six days, and then examined for the 
presence of bacterial growth. The number of 
colonies was counted and the average count 
from the two plates of each sample ascer- 
tained. During the treatment with sulfapyri- 
dine, p-aminobenzoic acid was added to the 
culture medium in a proportion of 5 mg. per 
100 ce., as recommended by Janeway,’ in order 
to counteract any inhibitory effect of the sul- 
fapyridine in the milk upon the growth of 
Brucella. For the duration of the treatment, 
and as long as any trace of sulfapyridine was 
present in the milk, the cream from each 
quarter was cultured on one plate of tryptose 
agar containing p-aminobenzoic acid and one 
without it. The extent of bacterial growth on 
the two plates was then compared. Milk sam- 
ples were cultured twice a week during sul- 
fapyridine treatment and thereafter. 

Agglutination Tests—The Brucella anti- 
gen used in the agglutination tests was sup- 
plied by the United States Bureau of Animal 
Industry. It is the antigen used by labora- 
tories in the official testing for brucellosis. The 
blood samples were collected in the usual man- 
ner. Milk samples intended for agglutination 
tests were mixed with rennin and incubated 
for two to three hours, to allow curdling and 
separation of the whey. In each instance, the 
final titers of the blood and milk serums were 
ascertained. 

Sulfapyridine Determination.—The method 
of Bratton and Marshall’ was used for the 
determination of free sulfapyridine in blood 
and milk by means of an ocular colorimeter. 
The milk samples were obtained daily from 
the regular morning milking at 5 a. m., imme- 
diately before the administration of the drug. 
A small quantity of milk from each cow was 
transferred to a flask and kept on the farm 
under refrigeration for from one to three 
days, until called for. Blood samples were ob- 
tained at 1 p. m., prior to treatment, when- 
ever a trip was made to the farm. Thus, the 
milk samples and blood samples were taken 
at about the same hour, respectively; namely, 
at the end of the interval between doses. In 
addition, total and differential white cell 
counts were carried out on the blood ‘samples 
at frequent intervals. 

Recording of Temperatures.—Temperatures 
of the animals were taken twice daily, at 5 
a. m. and 9 p. m., before, during, and for a 
short period after treatment. 


EXPERIMENTS 


Preliminary Examinations of Milk.— 
Preliminary examinations of quarter sam- 
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ples of milk for Br. abortus by cultura! 
methods were made as follows: The milk 
of cows 6, 12, and 15 was examined 1] 
times within two and a half months prior 
to treatment. In every instance, the milk 
of cow 6 was found positive in at least 2 
quarters, sometimes in 3, with the number 
of Brucella colonies per Petri dish varying 
from 1 to 172. The milk of cow 12 was 
positive 6 times in at least 1 quarter, some- 
times in 2, with the number of Brucella 
colonies varying from 3 to 22. The milk 
of cows 139 and 160 was examined 13 times 
within eight months before treatment. Cow 
139 yielded 6 positive milk cultures from 1 
quarter, the number of Brucella colonies 
per Petri dish ranging between 4 and 20. 
Cow 160 yielded 8 positive milk cultures 
from 1 to 3 quarters, with the number of 
Brucella colonies varying from 1 to 14. 
Seventeen examinations were carried out 
on the milk of cow 561 within eight months 
before treatment, with 7 positive results in 
1 to 3 quarters. The Brucella colonies per 
Petri dish ranged from 1 to 10. 


In addition to Brucella, some of the milk 
samples also yielded growth of streptococci, 
staphylococci, and gram-positive rods of 
the Corynebacterium type. 


Dosage. — Klein, Kleckner, and Biltz‘ 
have shown that by administering 5 to 9 
Gm. of sulfapyridine per 100 lb. body 
weight daily, at eight-hour intervals, a sat- 
isfactory concentration of the drug can be 
obtained in the blood of a cow. The longest 
period for which they treated animals was 
six days. In our experiments, however, it 
was planned to treat the animals for as 
long a period as possible in order to obtain 
the maximum effect of the drug upon 
Brucella infection in the cows. The ani- 
mals varied in their tolerance of the drug, 
and treatment had to be discontinued 
sooner in some than in others because of 
the appearance of undesirable symptoms. 
The drug was administered by drench in 
about 500 cc. of water at intervals of eight 
hours, namely, at 5 a. m., 1 p. m., and 9 
p.m, The weight of each animal was esti- 
mated, and during the first week, the ani- 
mals received sulfapyridine at the rate of 
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7 Gm. per 100 Ib. body weight daily, di- 
vided into 3 equal doses. Beginning with 
the eighth day, the dosage was reduced to 
5 Gm. per 100 Ib. daily, and after the four- 
teenth day, it was reduced to 4 Gm. per 100 
lb. daily. 

Cow 6 was treated for eleven days, cows 
139, 160, and 561 were treated for twelve 
days, cow 15 for fourteen days, and cow 12 
for forty-two days. In each instance, the 
treatment was discontinued because of 
toxie effects of the drug. 

After a lapse of twenty-five days, cows 
6 and 160 were treated again for twenty 
and forty-one days, respectively. In this 
series of treatments, cow 6 received 7 Gm. 
of sulfapyridine per 100 lb. daily during 
the first week, 5 Gm. per 100 Ib. daily dur- 
ing the following three days, and 3 Gm. 
per 100 lb. daily for the last ten days. Cow 
160 was given 7 Gm. of sulfapyridine per 
100 lb. daily during the first week, 5 Gm. 
per 100 Ib. daily during the following four- 
teen days, and 4 Gm. per 100 lb. daily for 
the remaining twenty days. 


RESULTS 

Charts 1 to 6 present data on the 6 cows, 
indicating dosage, concentration of sulfa- 
pyridine in the blood and milk, tempera- 
tures of the animals, white cell counts, 
neutrophile counts, agglutination tests on 
the blood serums, and results of the milk 
cultures for Brucella. 

Cow 6 developed the maximum concen- 
tration of free sulfapyridine in the blood, 
13.2 mg. per 100 cc., on the fourth day in 
the first series of treatments. She showed 
slight inappetence from the second day of 
treatment and went off feed entirely on the 
sixth day. She also suffered from consti- 
pation. On the tenth day of treatment, she 
aborted a 5- to 6-month-old fetus and Br. 
abortus was isolated from its lungs, kid- 
neys, and stomach contents. Because of 
the anorexia, fever, and complete neutrope- 
nia, the administration of sulfapyridine 
was discontinued on the twelfth day. In 
the second series of treatments, cow 6 de- 
veloped on the seventh day the maximum 
concentration of 18 mg. of free sulfapyri- 
dine in the blood and milk. She showed 


high fever on the day treatment was be- 
gun, and soon her neutrophile count went 
down to zero. Again, she stopped eating 
on the second day of treatment and did not 
begin to eat again until the ninth day when 
the dose of sulfapyridine had been reduced. 
Her appetite improved from then on. How- 
ever, on the seventeenth day of treatment 
this animal developed on the lower half of 
the udder and on the teats a number of in- 
flammatory areas up to 2 cm. in diameter, 
which soon became covered with scabs. 
Within the next three days, the lesions be- 
came worse and the skin covering the teats 
became thick and tender. Thereupon, treat- 
ment was discontinued. During the follow- 
ing four days, the lesions on the udder and 
teats disappeared and the animal regained 
its appetite. 

Each time cow 6 was treated, her white 
cell count went up at first, but soon dropped 
to subnormal levels. The neutrophile count 
corresponded in general to the rise and fall 
of the total white cell count, but in the 
course of each series of treatments, the 
percentage of neutrophiles was reduced to 
zero. 


Br. abortus was recovered quite consis- 
tently from the milk of cow 6 during and 
after treatment, although the number of 
colonies per plate was reduced, and in two 
instances no growth of Brucella was found 
during the second series of treatments. 
The number of organisms found on cul- 
tures increased again after treatment was 
stopped, and the milk samples from all 4 
quarters remained positive to Brucella. 


Cow 12 tolerated the drug for a long time 
before she developed undesirable effects. 
The highest concentration of free sulfa- 
pyridine observed in her blood was 9.7 mg. 
per 100 cc., and in her milk, 9.3 mg. per 100 
ce. The peak was reached in both on the 
seventh day of treatment. Aside from 
slight anorexia during the first eight days, 
and a transient elevation in temperature at 
the time of the maximum concentration of 
the drug, she did not manifest signs of 
toxicity until the forty-second day of treat- 
ment when she developed numerous edem- 
atous swellings ranging in size from that 
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Chart 2—Studies on Cow 12 
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of a pea to that of a bean, particularly on 
the legs, flanks, and udder. These swellings 
appeared to itch badly, for the animal was 
licking and biting the skin lesions wherever 
it could reach them. Treatment was dis- 
continued and the swellings receded within 
two days, leaving dry scabs which disap- 
peared during the following few days. This 
animal showed a decrease in the total white 
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in the course of treatment, 
the percentage of neutrophiles 
The milk sam- 


count 


cell 
whereas 
rose in several instances, 
ples were negative for Brucella during the 
latter part of the treatment and for two 


weeks after treatment had been discon- 


tinued. Thereafter, Brucella were found in 
large numbers in 1 quarter of the udder. 


Cow 15 developed a maximum concentra- 
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Chart 3—Studies on Cow 15 
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tion of 10.6 mg. of free sulfapyridine per 
100 ec. of blood on the fourth day of treat- 
nent. She showed slight anorexia and de- 
eloped a high fever which was the reason 
or discontinuing chemotherapy at the end 
f fourteen days. Two days later, the mu- 
ous membranes of the eyes showed icterus, 
vhich disappeared the following day. There 
vas a decrease in the total white cell count 
ind a rise in the neutrophile ccunt toward 
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the latter part of the treatment period 
when the body temperature was highest. 
This cow continued to eliminate Brucella 
in the milk from 1 quarter, and sometimes 
from 2, after treatment. 

Cow 139 suffered from slight anorexia 
throughout the period of treatment and her 
maximum blood level of free sulfapyridine, 
12 mg. per 100 cc., was reached on the 
fourth day. Her temperature rose to 105.2 
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Chart 4—Studies on Cow 139 
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F. on the tenth day, and on the twelfth day 
she developed weakness in her legs. She 
lay down most of the time and was reluc- 
tant to rise. This condition became worse 
within the following two days, and treat- 
ment was discontinued. In the course of 
the next few days, the animal overcame the 
leg weakness, but her physical condition 
remained poor for a long time. As in the 
case of cow 15, a decrease in the total white 
cell count and an increase in the percentage 
of neutrophiles was observed toward the 
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latter part of the treatment, coincident 
with a rise in body temperature. Br. abor- 
tus was isolated from the milk of this cow 
on the sixth day and again on the ninth day 
after treatment had been discontinued. 
After this, during a period of almost five 
months, 33 consecutive examinations of her 
milk have been negative for Brucella. How- 
ever, this animal is suffering from masti- 
tis, and at each examination numerous col- 
onies of Streptococcus agalactiae have been 
isolated from the milk of all 4 quarters. 
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ich a heavy growth of streptococci might 
terfere with the isolation of Brucella, 
cording to Huddleson,* who states: 
Streptococci, although gram-positive, are 
it inhibited in their growth by the dilu- 
ion of crystal violet used for isolating 
®rucella. They appear to change the grow- 
ng properties of the medium to such a de- 
vree that Brucella, if present in the same 
milk and cream, will not appear as visible 
colonies.” An indication that this animal 
is probably still harboring Brucella in her 
udder is the fact that the milk agglutina- 


mum concentrations of free sulfapyridine 
observed in her blood in the two series of 
treatments were 8.2 mg. and 8.5 mg. per 
100 ce., respectively. In the first period of 
treatment, the administration of the drug 
was discontinued after twelve days because 
of leg weakness similar to the condition 
which devcloped in cow 139. The second 
series of treatments extended over forty- 
one days. On the thirty-sixth day, numer- 
ous small inflammatory areas appeared on 
the lower part of the udder and on the 
teats. Five days later, the swelling in- 


Chart 5—Studies on Cow 160 


MILK CULTURES POSITIVE NEGATIVE 


4 AGGLUTINATION- BLOOD 


PER CENT NEUTROPHILES 


404 
204 


WHITE CELL COUNT 


TEMPERATURE (°F) 


4 FREE SULFAPYRIDINE IN MILK (MG/100CC) 


4 
4 
4 
4 
4 


w4FREE SULFAPYRIDINE IN (MG/i100 CC) 


4 
4 
4 
4 
4 
4 


4 
4 
4 
4 
4 


nae 1S z 2 5 


tion titer has not changed significantly, and 
hat the milk whey from the quarter which 
iad yielded positive Brucella cultures still 
igglutinates in 1 : 200 to 1 : 400 dilution. 
Che agglutination titers of the milk whey 
‘rom the cther 3 quarters also remained 
inchanged and range from 1 : 25 to 1 : 50. 

Cow 160 was treated twice. The maxi- 


SULFAPYRIDINE DOSAGE = 100 LBS. BODY WEIGHT PER DAY 
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J 


creased in size to 1 to 2 cm. in diameter, 
the skin of the teats became red and tender, 
and the animal went off feed entirely. The 
treatment was then discontinued. There 
were noticeable variations in the white cell 
and neutrophile counts, the former show- 
ing a tendency to decrease, and the latter 
to increase in the course of treatment. 
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During the last five weeks of the second 
period of treatment and for five more 
weeks after the chemotherapy had been 
discontinued, no Brucella were isolated 
from the milk of this animal. After this 
ten-week period, however, Br. abortus was 
again recovered from the milk samples 
several times in succession. 


Cow 561 was treated for twelve days, at 
the end of which the administration of the 
drug was discontinued because of high 
fever. Her highest blood level of 9.1 mg. 
of free sulfapyridine per 100 cc. was 
reached on the seventh day. During treat- 
ment there was an appreciable rise in the 
percentage of neutrophiles, coincident with 
the rise in body temperature. On the other 
hand, the total white cell count showed a 
marked decrease at the end of the treat- 
ment period. Br. abortus was isolated from 
the milk one month and again three and a 
half months after treatment. None of the 
other examinations yielded Br. abortus. 
However, the milk agglutination titers re- 
mained at the same level as observed before 
treatment, ranging up to 1 : 400 in some of 
the quarters, which indicates that Brucella 
are still present in the udder. 


The supply of milk from all 4 cows di- 
minished markedly during treatment, but 
it returned gradually to normal after the 
chemotherapy had been discontinued and 
the toxic effects had disappeared. There 
was no appreciable change in the aggluti- 
nation titers of the blood serums and milk 
serums during five months following the 
initiation of the treatment. 


DISCUSSION 


Six cows known to eliminate Br. abortus 
in their milk were treated with sulfapyri- 
dine in order to study the effect of the 
drug upon brucellosis in cattle. One cow 
was treated for eleven days, 3 for twelve 
days, 1 for fourteen, and 1 for forty-two 
days. In each case, the treatment was dis- 
continued because of the appearance of 
toxic effects of the drug. Beginning twenty- 
five days after the first series of treat- 
ments, 2 of the animals were treated again 
for twenty and forty-one days, respective- 


ly. In each instance, the animals received 
sulfapyridine at the rate of 7 Gm. per 100 
lb. of body weight daily during the first 
week, 5 Gm. per 100 lb. daily during the 
second week, and 4 Gm. per 100 Ib. each 
day thereafter. The drug was administered 
by drench at eight-hour intervals. Twice a 
week, milk samples were collected during 
and after treatment and cultured for the 
detection of Br. abortus. Milk samples were 
also obtained daily, and blood samples at 
frequent intervals, in order to determine 
the concentration of free sulfapyridine. In 
addition, total white cell and differential 
counts were carried out on the blood sam- 
ples. The highest concentration of free 
sulfapyridine observed in blood and in milk 
was 18 mg. per 100 cc., which was a peak 
attained in both by the same animal on the 
same day. The other animals showed maxi- 
mum concentrations of free sulfapyridine 
in their blood and milk ranging between 8 
and 12 mg. per 100 cc. These were attained 
in the course of the first week of treatment 
when the quantity of the drug administered 
was highest. After reduction of the amount 
of drug administered per day, concentra- 
tions of free sulfapyridine decreased ap- 
preciably. In general, the quantity of free 
sulfapyridine in the milk was only slightly 
less than that found in the blood on any 
given day, although in many instances, the 
concentrations in the two were similar. 
However, it should be pointed out that the 
indicated concentrations of free sulfapyri- 
dine in blood and milk are those obtained 
in samples which were collected just before 
administrations of the drug. These values 
are lower than the concentrations which 
were present between doses, as was found 
on several occasions when blood samples 
were obtained just before treatment and 
again two hours after. The difference was 
an increase occasionally as high as 20 per 
cent. 

The toxic effects observed varied to some 
extent in the different animals. They al! 
suffered more or less from anorexia, and 
all 6 cows developed fever, which in some 
was of a transient nature and in others 
persisted until treatment was discontinued 
All the animals showed a decrease in th« 
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ital white cell count in the course of 
hemotherapy, and 1 cow also suffered from 
‘complete neutropenia, while the other 5 
showed a tendency to neutrophilia, particu- 
larly at the time of a rise in body tempera- 
ture. In addition, 2 cows developed lesions 
m the udder and teats; 3 of the animals 
suffered from leg weakness, and 1 devel- 
oped a general urticaria which was most 
pronounced on the flanks, legs, and udder. 
One cow showed slight icterus two days 
after treatment had been discontinued. 


Milk production of all 6 cows dropped con- 
siderably during treatment, but returned 
to normal soon after treatment was dis- 
continued. 

The administration of sulfapyridine ap- 
pears to have a bacteriostatic effect upon 
Brucella, judging by the decrease in the 
number of organisms isolated from the 
milk samples in some cases and absence of 
Br. abortus on cultures in others, during 
treatment and shortly thereafter. However, 
Br. abortus was isolated again from the 
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milk of all 6 cows after treatment had been 
discontinued, and moreover, there was no 
significant change in the agglutination 
titers of blood and milk of the 6 animals 
during the five months after treatment. 
Therefore, it must be assumed that the 
treatment with sulfapyridine did not have 
the desired chemotherapeutic effect upon 
brucellosis in the 6 cows. 

The presence of p-aminobenzoic acid in 
a proportion of 5 mg. per 100 cc. of tryp- 
tose agar did not prove of any advantage 
in isolating Brucella from milk while the 
animals were on the sulfapyridine treat- 
ment. When Brucella colonies were present 
on the medium which contained p-amino- 
benzoic acid, they were also found on the 
control plate, usually in similar numbers. 


SUMMARY 

The effect of sulfapyridine upon bru- 
cellosis in cattle was studied by adminis- 
tering the drug to 6 cows known to 
eliminate Brucella abortus in their milk. 
Treatment was given for periods of vary- 
ing length, ranging from eleven to forty- 
two days. Two of the cows were treated 
twice, with an interval of twenty-five days. 
The dosage of sulfapyridine was 7 Gm. 
per 100 lb. of body weight daily during 
the first week, 5 Gm. per 100 lb, daily dur- 
ing the second week, and 4 Gm. per 100 lb. 
daily thereafter. 

The maximum concentrations of free 
sulfapyridine in the blood and in the milk 
were attained during the first week of 
treatment and ranged between 8 and 18 
mg. per 100 ce. 

All 6 cows developed anorexia, fever, and 
leucopenia in the course of treatment. One 
cow suffered from neutropenia, while the 
other 5 showed a tendency to neutrophilia, 
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particularly at the time of a rise in body 
temperature. In addition, 2 cows developed 
lesions in the form of inflammatory nodules 
on the udder and teats; 3 of the animals 
suffered from leg weakness, and 1 devel- 
oped a general urticaria. One cow showed 
slight icterus two days after treatment had 
been discontinued. 

Although the administration of sulfa- 
pyridine had a bacteriostatic effect upon 
Brucella, as judged by the decrease in the 
number of the organisms isolated from the 
milk, or their total absence during treat- 
ment and shortly thereafter, Br. abortus 
was isolated again from the milk of all 6 
cows after treatment had been discon- 
tinued. Therefore, it must be assumed 
that the treatment with sulfapyridine did 
not have the desired chemotherapeutic ef- 
fect upon brucellosis in the 6 cows. 
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Further Studies on the Propagation of Fowl Leucosis in 


Chick Embryos by Intravenous Inoculation 


W. J. HALL, D.V.M., and MORRIS POLLARD, D.V.M., M.Sc. 
Beltsville, Maryland 


IN THEIR PRELIMINARY report on the prop- 
agation of fowl leucosis in chick embryos 
by intravenous inoculation, Hall, Bean, and 
Pollard? stated that 3.5 per cent of inocu- 
lated embryos developed leucosis. Continu- 
ation of these studies, in which the leucosis 
agent has been carried through 30 passages 
and in which over 2,600 chick embryos 
were injected, has resulted in a marked in- 
crease in the number of takes and in the 
uniformity of the pathological picture. This 
is no doubt due in part to the use of im- 
proved technique. 

Jarmai? was the first to attempt propa- 
gation of the fowl leucosis agent in the 
chick embryo. He injected a drop of blood 
from leucemic fowl into developing chick 
embryos on the first, fifth, eighth, twelfth, 
and thirteenth day of incubation. None of 
the embryos of less than ten days develop- 
ment became infected. This he attributed 
to the fact that bone marrow is necessary 
for the development of leucemia, and bone 
marrow is not formed in the chick embryo 
until about the tenth day of incubation. 
Of 35 embryos inoculated on the thirteenth, 
tenth, and twelfth days of incubation, 7, 3, 
and 2 chicks, respectively, developed leu- 
‘emia. 

Gibbs,* on the other hand, was more suc- 
cessful in transmitting neural lymphomato- 
sis by dropping living neurolymphomatous 
‘ells in saline solution on embryos of one 
to ten days development than on those of 
en to fifteen days incubation. In the for- 
mer group, leucemia was transmitted to 24 
er cent, while only 2 per cent of the latter 
xroup contracted the disease. 


Presented before the Section on Poultry, seventy- 
eighth annual meeting of the American Veterinary 
Medical Association, Indianapolis, Ind., Aug. 11-15, 
1941, 

From the Animal Disease Station, United States 
Bureau of Animal Industry, Beltsville Research 
Center. 


Storti and Mezzadra‘* were successful in 
propagating avian leucosis in the develop- 
ing chick embryo by introducing the trans- 
mitting agent upon the chorioallantois. No 
lesions were produced upon the membranes 
nor in the embryo. However, the presence 
of lesions was said not to be a criterion for 
infection of the embryo. Of 61 chick em- 
bryos inoculated with leucemic blood on 
the chorioallantoic membrane, 20 became 
infected after four to fifteen days incuba- 
tion as indicated by inoculation and infec- 
tion of chicks. 

Van den Berghe and d’Ursel,® inoculating 
the chorioallantoic membrane of 6 embryos, 
obtained results similar to those of Storti 
and Mezzadra, except that the chicks inocu- 
lated with infected embryo tissues de- 
veloped paralysis and erythroblastosis. 

Hall and Cox® injected 83 embryos, 6 to 
14 days old, on the chorioallantoic mem- 
branes with suspensions of tissues in 
Tyrode’s solution, 72 of which were in- 
jected with nerve or marrow from fowl 
affected with neural lymphomatosis, and 
11 with tissues from cases of visceral 
lymphomatosis. One chick, inoculated 
when a 6-day embryo, developed general- 
ized visceral lymphomatosis twenty-two 
days after hatching. 

Kirschbaum and Stern’ injected the leu- 
cemic agent into the amniotic cavity and 
the albumen of chick embryos. This was 
followed by the development of leucemia 
after hatching. 

Brandly and Cottral,* in preliminary ex- 
periments to determine the most satisfac- 
tory route of injection of chick embryos 
with the agent of the avian leucosis com- 
plex, found that a higher hatchability and 
a greater incidence of the disease were 
obtained following injection into the amni- 
otic cavity than by the intravenous route. 
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MATERIALS AND METHODS 

Employing the technique described by Eich- 
horn,’ white-shelled eggs were used, as the 
blood vessels are more easily discernible on 
ecandling. A section of the large vein just be- 
low the rim of the air sac was traced on the 
shell with a lead pencil, and a piece of shell 
approximately 6 mm. by 1 em. directly over 
the vein was removed, the shell membrane 


withdrawal of the needle. If the needle is in 
perfect condition and a vein and not an artery 
is injected, inoculations are quickly and easily 
made and post-inoculation hemorrhages are 
negligible. By this technique, embryos may be 
bled three or four times from different veins 
or sites without fatal results. Thus, it was 
possible to watch the progress of the blood 
dyscrasia through blood smears, without sac- 
rificing the embryo. 
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Fig. |—Graph showing percentage of leucosis infection in chick embryos before and after hatching 
during 30 serial passages. 


being left intact. A drop of mineral oil was 
applied to the membrane with a wire loop, to 
render it transparent and to reveal the blood 
vessel which is firmly adherent to the mem- 
brane. The authors prefer a 27-gauge needle 
on a l-cc. Luer-type tuberculin syringe for 
inoculation. The needle must be sharp and 


barbless; otherwise, hemorrhage may follow 


When the embryo is infected, as indicated 
by the presence of large numbers of hemocy- 
toblasts in the blood, 2 or 3 cc. of blood are 
aspirated from a vein, using the same tech- 
nique as for injection. When the blood is to be 
injected immediately into more embryos or 
into chicks, pure undiluted blood, without an 
anticoagulant, is usually used, but if there is 
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. delay, heparin or sodium citrate is used as 


n anticoagulant. 

Diagnosis of the disease in embryos was 
ade by peripheral blood smears from the live 
embryo, and post mortem, by tissue impres- 
ion smears and sometimes by microscopic 
ections. Also, young chicks were injected 
with embryo blood from time to time. Of 55 
chicks injected with the blood of embryos from 
10 different passages, 32 (58.2%) died of leu- 
cosis in an average period of twenty-two days. 


GROSS PATHOLOGY 

The gross changes in leucosis-infected 
embryos consisted of enlargement of the 
liver, spleen, and kidneys. The degree of 
enlargement was indicated by a comparison 
of weights. Livers from leucosis-infected 
embryos averaged 1,350 mg., while livers 
of normal embryos averaged 524.26 mg. 


Infected spleens averaged 45 mg., while 
normal spleens averaged 3.03 mg. 

Infected livers were swollen, friable, and 
greenish gray to gray red. Frequently, 
they were mottled by a few to numerous 
gray foci. Usually, the spleens were pale 
to dark red and sometimes contained white 
to gray pinpoint necrotic foci. The kidneys 
were markedly swollen and red. Occasion- 
ally, plaques or small gray areas were ob- 
served on the hearts. 


HISTOPATHOLOGY 

The most striking histological change 
was a flooding of the blood stream with 
lymphoid type (hemocytoblast) cells. In 
the liver, in addition to numerous hemocy- 
toblasts in the blood vessels and sinusoids, 
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Fig. 2—Graph showing total percentage of takes in chick embryos during 30 serial passages, and 
percentage of “undetermined” cases during 30 serial passages. 
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there was usually extensive perivascular 
infiltration (fig. 4 and 5). Occasionally, 
areas of focal necrosis were seen in the 
liver and spleen. These areas were charac- 
terized by pyknosis, chromatolysis, and 


Fig. 3—Liver of normal chick embryo. Hema- 
toxylin and eosin stain. (Reduced from x200.) 


fragmentation of both the _ infiltrating 
lymphoid cells and the parenchymal cells. 
Extensive extra- and intravascular hemocy- 
toblastic infiltration was also frequently 
seen in the kidney and spleen. 
SERIAL PASSAGES OF THE LEUCOSIS 
AGENT, STRAIN A 

The number of embryos inoculated in 


TABLE |—Chick Embryo Inoculations (Aug. 1940 to May 1941) 


each of the 30 serial passages and the re- 
sults are shown in table 1. The total num- 
ber of embryos inoculated was 2,656, and 
of these 700 (26.3%) developed leucosis; 
621 (23.3%) hatched, and of these 389 
(62.6% ) developed leucosis. Of the 2,656 
embryos inoculated, 1,089 (41%) developed 
leucosis either in the embryonic stage or 
after hatching. On account of the rapid 
degeneration of embryonic tissues in the 
heat of the incubator after death, a diag- 
nosis was not made in 1,257 (47.38%). 
These are listed in the table as “unde- 
termined.” 


While it is stated that 30 serial passages 
in chick embryos have been made, it should 
be mentioned that not all passages in the 
series were transfers from egg to egg since 
in 297 embryos (11%), transfers were 
made from embryos after hatching on ac- 
count of the delayed appearance of hemocy- 
toblasts in the blood of the embryo in suf- 
ficient numbers to insure transmission. In 
16 of the 30 serial passages, transfers 
were made from egg to egg exclusively, 
while in each of the remaining 14 passages, 
a few embryos were inoculated with blood 
from embryos after hatching. 


HATCHED 
INCUBATION 
INOCU- NEGA- U NDETER- AND TOTAL 
PASSAGE LATED LEUCOSIS TIVE MINED LEUCOSIS CouURSE LEeucosis 
No. No. No % No. No. % No. % No. % Days No. % 
l 240 91 37.9 7 123 51.2 19 7.9 14 73.7 12.4 105 43.7 
2 152 45 29.6 14 76 50.0 16 10.5 & 31.3 14.2 50 32.8 
3 89 3 38.2 4 30 633.7 21 28:6 § 23.8 19.0 39 43.8 
4 80 e637 1 42 62.5 18 22.5 10 55.5 14.2 29 36.2 
5 115 30 ©=—26.0 45 39.1 40 34.7 14 35.0 15.6 44 38.2 
6 115 10 8.7 t 72 62.6 29 25.2 14 48.2 15.1 24 20.8 
7 39 14 35.9 17 1 14.3 17.0 15 38.4 
8 68 18 26.4 2 34 50.0 14 20.6 11 78.5 13.8 29 42.6 
9 87 17 19.5 45 61.7 25 28.7 12 48.0 14,1 29 33.3 
10 121 4 3.3 1 73 «660.3 43 35.5 19 44.1 14.3 23 19.0 
11 104 ae aS 1 53 50.9 50 48.1 25 50.0 13.9 25 24.0 
12 53 14 26.4 29 54.7 10 18.8 2 20.0 17.0 16 30.1 
13 98 23 23.4 59 60.2 16 16.3 2 13.5 27.0 25 25.5 
14 115 20 17.4 74 64.3 21 18.2 6 28.6 28.1 26 22.6 
15 88 26 29.5 59 67.0 3 3.4 2 66.7 14.0 28 31.8 
16 107 40 37.4 64 59.8 3 3.8 2 66.7 12.0 42 39.2 
17 71 17° 33. 1 50 70.4 3 4.2 1 33.3 12.0 18 25.3 
1 110 i) 8.2 1 64 58.1 36 32.7 36 «83.3 14.9 39 35.4 
19 86 337 46 63.4 29 33.7 26 89.6 15.1 37 «43.0 
on 106 44 41.5 t $3... 31.3 25 23.6 20 80.0 13.4 64 60.3 
21 63 27 42.8 25 39.6 10 90.9 13.4 37 «68.7 
22 101 16 15.8 10 39.6 45 44.5 38 84.4 15.1 54 63.4 
23 81 19 23.4 3 28 34.5 $1 38.2 24 77.4 14.1 43 53.0 
24 56 29 6561.8 1 12 21.4 14 25.0 11 78.5 15.7 40 71.4 
25 64 31 48.4 3 7 10.9 23 35.9 21 91.3 14.1 52 81.2 
26 50 17 34.0 10 15 30.0 8 16.0 ae fF | 16.8 24 48.0 
27 28 16 67.1 3 6 21.4 3 10.7 3 100.0 11.7 19 67.8 
28 57 21 36.8 6 2 35.0 10 «17.5 10 100.0 16.7 32 56.1 
29 54 22 40.7 5 12 32.2 15 27.7 13 86.6 15.8 34 62.9 
30 58 16 27.6 5 4 6.8 33 56.9 31 93.9 13.9 47 81.0 
2656 700 26.3 77 1257 47.3 621 23.3 389 62.6 14.8 1089 41.0 
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The incubation period and course of leu- 
sis, or interval from inoculation to death, 

the hatched embryos averaged fourteen 
nd eight-tenths days, while the corre- 
ponding period in embryos which died 
efore hatching was seven and four-tenths 


ays. 


centage of leucosis in chick embryos before 
and after hatching, while the broken line 
curve shows the percentage of undeter- 
mined cases. Here, again, there is a close 
reciprocal relationship which would indi- 
cate that some of the undetermined cases 
were probably leucosis. The leucosis curve 


Fig. 4—Liver of chick embryo affected with hemocytoblastic leucosis. Note extensive perivascular and 
intravascular aggregation of round cells (hemocytoblasts) about the large vein. Also note numerous 
hemocytoblasts in liver sinusoids. Hematoxylin and eosin stain. (Reduced from x200.) 


Figure 1 shows the percentage of leu- 
csis in the 30 serial passages; the solid 
urve indicates the percentage of leucosis 
mbryos before hatching, and the broken 
line shows the percentage of leucosis in 
‘mbryos after hatching. As would be ex- 
ected, these curves show a reciprocal re- 
ationship. It will be seen that there is a 
listinct and steady rise in both curves 
ifter the seventeenth passage. 

The solid line curve in figure 2 is a com- 
site of the two curves in figure 1, the per- 


falls for the first 10 passages, after which 
it steadily rises from a low of 19 per cent 
in the tenth passage to a peak of 81 per 
cent in the twenty-fifth passage. At the 
same time, the undetermined curve rises 
gradually from the third passage to a peak 
of 70 per cent in the seventeenth passage, 
and then drops rather abruptly to a low 
of 8 per cent in the thirtieth passage. After 
the nineteenth passage, a smaller number 
of embryos were inoculated, thus _per- 
mitting a closer check on morbidity and 
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mortality. The marked increase in the per- 
centage of leucosis, and a similar drop in 
the number of undetermined cases after 
the nineteenth passage are probably due in 
part to this closer check, which consisted 
of candling inoculated eggs twice daily for 
viability, and prompt gross and histological 
examination of dead embryos. 


amounted to 1,257 (47.3% of the number 
inoculated). The high percentage of unde- 
termined cases was due to being left too 
long in the incubator after death, espe- 
cially during the earlier passages when 
large numbers of embryos were inoculated. 

The incubation period and course of the 
disease in embryos averaged seven and 


’ 
: 


Fig. 5—Liver of chick embryo affected with hemocytoblastic leucosis. Note two veins showing peri- 
vascular infiltration, and area between showing focal necrosis of the parenchymal and infiltrating cells. 
Hematoxylin and eosin stain. (Reduced from x200.) 
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SUMMARY AND CONCLUSIONS 


Injection of leucosis blood by the intra- 
venous route into 2,656 chick embryos dur- 
ing 30 serial passages resulted in the de- 
velopment of leucosis in 1,089 (41%), 
either in the embryonic stage or within a 
week after hatching. Of the total embryos 
inoculated, 621 (23.3%) hatched, and of 
those hatching, 389 (62.6%) died of leu- 
cosis. The number of undetermined cases 


four-tenths days, while among the em- 
bryos which survived long enough to hatch, 
the corresponding period was fourteen and 
eight-tenths days. 


Of the 30 serial passages of the leucosis 
agent through embryos, 16 passages were 
from egg to egg exclusively, while in each 
of the remaining 14 passages, a few em- 
bryos were inoculated with blood from 
embryos after hatching. These chick-to- 
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embryo passages amounted to 297, or 11 
per cent of the total embryos inoculated. 
Passages were made after hatching in 
these cases because an insufficient number 
of hemocytoblasts were present in the blood 
of the embryo to insure successful trans- 
mission. No explanation is offered for this 
variation in the incubation period of some 
embryos. 

While there was a steady increase in the 
percentage of takes (fig. 2) in the leucosis- 
inoculated embryos after the tenth serial 
passage, this increase can be accounted for 
largely by the decrease in the number of 
undetermined cases, which was due to im- 
proved technique. 


There is as yet no conclusive evidence 
that the agent increased in virulence as the 
result of serial passage, since there was no 
decrease in the incubation period and 
course. 


There is also no evidence of any altera- 
tion in the nature of hematopoietic re- 
sponse in the young chick to leucosis agent, 


FOWL LEUCOSIS 


strain A, after serial in chick 


embryos. 


passage 


References 


1Hall, W. J., Bean, C. W., and Pollard, Morris: 
Preliminary Report on the Propagation of the Fowl- 
Leucosis Virus on Chick Embryos by Intravenous 
Inoculation. J.A.V.M.A., 97, (1940): 247. 

*Jarmai, K.: Infektionversuche bebriiteter 
mit dem “Virus” der Hiihnererythroleukose. 
Tier. Wehnschr., 79, (1933): 418-420. 

3Gibbs, C. S.: Observations and Experiments with 
Neurolymphomatosis, and the Leukotic Diseases 
Mississippi Agr. Exp. Sta., Bul. 337, 1936. 

*Storti, E., and Mezzadra, G.: Tentatives de Cul- 
ture du Virus de la Leucemie des Poules dans ia 
Membrane Chorio-Allantoide. (Note preliminaire). 
Le Sang, 12, (Apr. 5, 1938): 533-539. 

*Van den Berghe, L., and d’Ursel, F.: Culture en 
Tissus du Virus de l'Erythroblastosé de la Poule 
Compt. rend. Soc. Biol., 131, (May, 1939): 1301-1304 

SHall, W. J., and Cox, B. F.: Report of Chief of 
United States Bureau of Animal] Industry, 1938. 

‘Kirschbaum, A., and Stern, K. G.: Leukemia in 
the Fowl Following Inoculation of Non-Cellular 
Agent Obtained by Ultra-Centrifugation of Leu- 
kemic Bone Marrow Extract and Plasma. Anat 
Rec., 76, Suppl. 2, (Feb. 1940): 37. 

‘Brandly, C. A., and Cottrall, G. E.: 
communication, 1941, 

*Eichhorn, E. A.: A Technique for the 
venous Inoculation of Chick Embryos. 
(Sept. 13, 1940): 194. 


Eier 
Deut. 


Personal 


Intra- 
Science, $2, 


293 
) 
- 
| 


Ocular Lymphomatosis, with Special Reference 


to Chromatism of the Irides 


NORMAN M. NELSON, D.V.M., M.Sc., and FRANK THORP, Jr., D.V.M., M.Sc., Ph.D. 
East Lansing, Michigan 


A DETAILED description of the symptoms 
and pathological changes which occur in 
ocular lymphomatosis has not been report- 
ed in the United States of America. This 
paper will record observations made on 
White Leghorn chickens at this laboratory 
over a period of two years. These studies, 
which are not yet completed, were designed 
to include an investigation of the avian eye 
structure and function to form a basis for 
an elucidation of the pathology of ocular 
lymphomatosis. The results of these inves- 
tigations are based upon clinical, gross, 
ophthalmoscopic, and histological examina- 
tions of apparently normal and affected 
birds. 

Lymphomatosis of the fowl was first re- 
ported in America by Kaupp' in 1921. 
Kaupp had observed the disease as early as 
1914, but did not mention the eye mani- 
festation in his 1921 report. Doyle? and 
Pappenheimer, Dunn, and Cone®* associated 
lymphomatosis of the eye as an entity close- 
ly related to the other types of lymphoma- 
tosis. Doyle was apparently the first inves- 
tigator to discuss the eye manifestations 
under the title iritis, but Pappenheimer and 
his coworkers, although they recognized 
inflammation to be present in the early 
stages of the disease, avoided the use of 
this term. 


Of the many who have reported on the 
eye manifestation, only Findlay and 
Wright and Bayon’ have attempted to dis- 
associate this syndrome from lymphomato- 
sis, or, as it was called at that time, “range 
paralysis.” It has been suggested that a 
separation of the inflammatory stage of the 
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disease from the neoplastic or later stages 
might be made on an etiological basis 
(Blakemore®). However, most of the work- 
ers in England favor the opinion that 
lymphomatosis is primarily inflammatory 
in its early stages (Blakemore and Dalling* 
and others). 

This discussion will advance the theory 
(based upon findings in a study of ocular 
lymphomatosis) that the early inflamma- 
tory changes are dependent upon, or sec- 
ondary to, a beginning infiltration. This 
paper will deal only with the eye and asso- 
ciated structures. The physiological anato- 
my of the eye is sufficiently unique to 
acquire specific pathological phenomena, 
viz.: inflammation, which may or may not 
apply to lymphomatosis in other body struc- 
tures. 

The eye condition has commonly been 
called pearl eye, glass eye, white eye, opaque 
eye, fish eye, or gray eye. The Report of 
the Pathology Committee of Experiment 
Station Collaborators of this laboratory‘ 
designated “ocular lymphomatosis” to ap- 
ply to the eye manifestation. Very fre- 
quently, structures other than the iris or 
iris and ciliary body are involved, and, 
therefore, the terminology proposed by the 
Committee appears appropriate. Further- 
more, the changes in the eye are not be- 
lieved to be primarily inflammatory in 
nature, nor inflammatory in the so-called 
gray-eye stage, as is implied by the term 
“iritis.” 

Emoto and Miyamoto” described the nor- 
mal chicken-eye color and chromatic changes 
observed in this disease. They did not dis- 
cuss the destiny of the yellow pigment in 
the formation of the gray eye. Jaensch and 
Lerche'® recognized inflammatory cells to 
be present in the early stages of iridic in- 
volvement, and noted depigmentation of the 
iris in advanced cases. In discussing the 
disappearance of the yellow pigment, they 
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eoucluded that it was removed through the 
anterior chamber, ultimately entering the 
canal of Schlemm. Their theory would sug- 
vest a purely mechanical dislocation of the 
pigment. Findlay and Wright* discussed a 
condition of the chicken eye which they 
termed “epidemic blindness.” They did not 
recognize this manifestation to be related 
to neurolymphomatosis. It is apparent, 
however, that they were describing the 
early acute or inflammatory stage of ocular 
lymphomatosis. Bayon® subscribed to Find- 
lay and Wright’s thesis with some reserva- 
tion, believing that a separation could not 
be made on an anatomical basis alone. 
Bayon called the condition “primary irido- 
cyclitis,” and preferred to separate rather 
than unite the irido-cyclitic disease and the 
eye type of lymphomatosis. Bedson and 
Knight"! had earlier observed an increase 
in yellow pigment of the eye-ring and other 
body parts in birds which were affected 
with a severe anemia. They attempted to 
transmit the pigment concentration phe- 
nomenon by inoculations, but were success- 
ful only in reproducing the blood dyscrasia. 


For the most part, the scientific writings 
on lymphomatosis in this country which in- 
clude descriptions of the eye changes have 
considered the late stages of the syndrome 
only, with little or no reference to the early 
stages: Doyle,? Pappenheimer et al.,* Pat- 
terson et al.,'* Johnson,'* Lee et al.,'* Mad- 
sen,'® Stubbs, McClary and Upp,'* Olson,'* 
Lee and Wilcke,'® and Barber.*° McClary 
and Upp’s’’ report, as well as popular pou- 
try journal articles, have attempted to 
classify or grade the various iridic colors 
and pupillary shapes. The variable altera- 
tions which occur in the eye when involved 
with lymphomatosis render such a gradation 
impractical, and it would seem that such 
fixed categories may be improperly inter- 
preted by the poultryman. 

To facilitate the discussion, this paper 
will be divided into two main parts: (1) 
typical early manifestations, and (2) ad- 
vanced or gray-eye stage. 


TYPICAL EARLY MANIFESTATIONS 


Symptoms.—The early pathological 
changes are essentially those of inflamma- 


tion. Duke-Elder*' has very well described 
the essential symptoms of iritis in man. 
These symptoms apply quite aptly to the 
early inflammatory stages of ocular lympho- 
matosis in chickens. Duke-Elder outlines 
as follows: 


“Objective symptoms of 
a) Hyperemia and ciliary injec- 
tion 
b) Exudation into the tissues 
and into the chambers of the 
eye to form precipitates, 
synechiae, and vitreous opac- 
ities 
c) Changes in the size, shape 
and reaction of the pupil. 
“Subjective symptoms of 
a) Pain 
b) Photophobia 
c) Increased lacrimation 
d) Blurring of vision.” 


The transverse iridic vessels of the nor- 
mal eye of chickens cannot always be seen 
with the unaided eye. There is a normal 
variation in the quantity of yellow pigment 
in the chicken iris, and if the concentration 
is sufficient and the vessels are in a 
quiescent state, they cannot be seen except 
with a magnifying device, such as the oph- 
thalmoscope. 

This applies also to birds suffering blood 
dyscrasias, or general anemia from loss of 
blood volume. However, in the vigorous, 
normal, mature male, these iridic vessels are 
readily discernible adjacent to the limbus 
and can be seen with the unaided eye. Like- 
wise, in cases of congestion due to trauma 
about the head, the vasculature is sufficient- 
ly engorged to be visible on close naked- 
eye examination. By use of the 20+ diop- 
ter ophthalmoscope, sufficient magnification 
is obtained to view the iridic vessels in the 
living bird. The structure of the avian eye 
does not allow as complete injection of the 
pericorneal vessels as may be seen in the 
mammalian eye because of the close prox- 
imity of the scleral plates to the limbus and 
scleral surface (Nelsoen*?). The engorge- 
ment of the iridic vessels renders the gross 
appearance of the iris a more pronounced 
reddish color than the normal iris. By com- 
parison of early affected cases with appar- 
ently normal cases, it becomes evident that 
hyperemia is present. Injection of the iridic 
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Fig. |—Perivascular cuffing of the anterior iridic vessels. x100. 


Fig. 2—Dense infiltration with lymphoid cells, iris cross-section. x1!00. 
Fig. 3—Dense lymphoid cell infiltration in the ciliary processes and adjacent vitreous humor. x!00. 
Fig. 4—Infiltration of the limbus area involving Crampton's muscle. «100. 
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vascular rete is a general symptom of iritis. 
Chromatic changes involving the yellow 
-arotenoid pigments of the iris are not ap- 
parent in early stages of the disease. 

Paralleling hyperemia in parts of the 
inner eye structure, edema of the conjunc- 
tiva, and other structural adnexa may be 
seen in the early stages. Most obvious is 
the thickening of the third eyelid, the mem- 
brana nictitans. The unique arrangement 
of the extrinsic quadratus and pyramidalis 
muscles of the eyes of birds (Slonaker?*) 
affords a rapid and complete traversing of 
the nictitating membrane over the surface 
of the cornea. When only slightly edema- 
tous, the movement of this part is impaired 
tc a sluggish and incomplete action. In 
close examination, when in the retracted 
state, the membrane is readily observed to 
be thickened. The lids may also be 
edematous, and occasionally the palpebral 
conjunctiva is observed to be congested. 

In many of the early cases of ocular 
lymphomatosis, there is an exudation into 
the anterior chamber. The exudate may be 


in the form of prominent yellowish clumps, 
irregular in outline, or it may be fila- 
mentous, as viewed with the aid of the oph- 


thalmoscope. Fragments of exudate may 
collect in the bottom of the anterior cham- 
ber. Occasionally, hypopyon occurs, giving 
the entire anterior chamber a greenish cast. 
A less marked symptom of exudation into 
the aqueous humor is a generally dull ap- 
pearance of the structures due to slight 
opacity caused by turbidity of the contents. 
Exudation within the tissues of the iris 
and on the anterior surface of the iris may 
produce a yellowish coloration somewhat 
simulating the normal iridic color. In addi- 
tion to the symptoms given by Duke- 
Elder,” a secondary glaucoma, resulting in 
bulging of the cornea, is sometimes evident 
in the early stages of this disease. Findlay 
and Wright* and Bayon,® as well as Emoto 
and Miyamoto® and Jaensch and Lerche,’® 
all observed this symptom, although the 
English investigators described the condi- 
tion under “epidemic blindness” and “pri- 
mary irido-cyclitis,” respectively. 

The glaucomatous condition may be due 
in this disease to stoppage of the canal of 


Schlemm by particles of the exudate, thus 
increasing the intraocular pressure. 

Pupillary changes are highly significant 
in diagnosing ocular lymphomatosis. These 
changes are similar to those outlined by 
Duke-Elder,”' in that the size, shape, and 
reaction of the pupil may be altered. Nor- 
mally, the avian pupil vacillates rapidly. 
This function is made possible by the 
striated muscle of the sphincter pupillae 
(Collin,** Zietzschmann™). When infiltra- 
tion of the delicate stroma occurs, impair- 
ment of normal function results. The nor- 
mal alternating constriction and dilatation 
is thus impaired at the point or points of 
the circumference where infiltration has 
occurred. Other areas may be unaltered, 
allowing vacillation in a restricted way. A 
more detailed account of this alteration will 
be considered under the discussion of the 
advanced stages of the disease. 

The symptoms of inflammation of the 
iris are less evident in the fowl than are 
the aforementioned changes. Pain may 
be detected by a flinching reflex of the ani- 
mal’s head during examination. If only one 
eye is affected, torticollis may be present, 
the head rotating in the direction of the 
affected eye. However, this symptom is 
more commonly associated with corneal 
traumatisms, as well as with a number of 
other conditions. Frequently, the bird may 
shun bright light, or the lids may be par- 
tially closed. This pseudoptotic condition is 
further evidence of iralgia. There is usually 
an increase in lacrimation in the acute 
inflammatory stage. Impaired vision cannot 
usually be detected in the early stages of 
ocular lymphomatosis. Birds which are 
already oriented to their surroundings are 
fully capable of carrying on their daily 
habits regardless of impairment of vision. 
It cannot be stated definitely that the in- 
activity and dullness of the bird affected 
with the early stages of ocular lymphoma- 
tosis are due to the pain of the inflamed 
irises, since oftentimes a particular bird 
may be suffering from visceral involvement 
which would contribute to such general 
symptoms. 

The features already described are char- 
acteristic of ocular lymphomatosis only in 
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the early stages. Space does not permit a 
description of all of the progressive patholo- 
gy which occurs between the early, inflam- 
matory and the late, gray-eye stages. 

Changes in the fundus have not been as- 
sociated with the disease in the early stages. 
Jaensch and Lerche’® described a change 
of the fundus color from a red to a dirty 
gray, indicating, in their opinion, an in- 
flammation of the choroid. While this oph- 
thalmoscopic picture has been observed, the 
opinion that it signifies inflammation of the 
choroid has not been substantiated. The 
fundus color in chickens appears to vary, 
but this variation may be physiological. 

Histopathology. — The histopathological 
findings in early clinical cases confirm the 
gross observations. Perivascular accumu- 
lations of lymphoid cells may be very slight, 
but are frequently observed surrounding 
the vessels near the anterior iridic surface 
(fig. 1). Frequently, in such cases, eosino- 
philic cells including neutrophiles and plas- 
ma cells are present in the iris. In one 
case, giant cells were observed in the iris. 
Inflammatory cells have been observed in 
the ciliary body, as well as in the iris, but 
have not been detected in the immobile 
structures. Duke-Elder cites Briickner*® as 
ascribing iritis to mechanical impairment 
of movement of the iridic muscles because 
of the presence of infiltrating cells. If the 
innervation is unimpaired, stimulation of 
the constrictor and dilator muscles must 
continue during the early infiltrative 
process. It may, therefore, appear that the 
inflammation is due to mechanical irrita- 
tion set up by the invading lymphoid cells. 
Synechia, either anterior or posterior, may 
occur in the early stages if the body of the 
iris is sufficiently thickened. Probably, this 
occurs more often in conjunction with heavy 
exudation in and from the iris. Emoto and 
Miyamoto® considered the immobility of 
the pupil due to fixation of the iris to the 
lens. 


ADVANCED OR GRAY-EYE STAGE 


The advanced or gray-eye stage has been 
given consideration by poultry men and re- 
search workers alike. Frequently, the symp- 
toms of the early stages are quite obscure, 


and the eye changes escape detection until 
the advanced or gray-eye stage appears. A 
study of the changes in the advanced gray 
eye yields little information on the patho- 
genesis of lymphomatosis. 


Before considering the symptoms and 
pathology of the advanced stage, it may be 
well to review the normal eye color of the 
chicken. Normal gray eyes may be present 
in certain breeds, such as the Cornish and 
Malay fowl, or may occur as “genetic” gray 
eyes in a flock or strain. Deviations from 
the normal orange bay toward a grayish or 
faded yellow likewise occur. The American 
Standard of Perfection®’ gives the accepted, 
normal eye color for the various breeds 
popular in this country. While the terms 
used allow some latitude of hue, this fact 
is appreciated to be necessary since sibs 
within a given family may vary in both 
intensity and hue of eye color, or, specifi- 
cally, iridic color. While the problem of the 
so-called normal gray eye has been ob- 
served with keen interest by geneticists 
and poultry husbandmen alike, especially 
from the standpoint of selection of breed- 
ers, nevertheless, a study of the inheritance 
of this trait has not been reported. 


Normal Eye Color.—The normal eye color 
of the more common light breeds of chickens 
has been given as an orange to reddish bay. 
This color is the result of (a) the back- 
ground of yellow carotenoid pigments, and 
(b) the red retia of the iridic capillaries. 
In many of the heavy breeds, the intensity 
o1 the brilliant yellow color is reduced by 
scattered black melanin pigment near the 
front surface of the iris. This produces an 
iris which is brownish bay in appearance. 


Symptoms of the Advanced Stages of 
Ocular Lymphomatosis. — Clinically, the 
diagnoses may be based upon: (a) color 
alterations of the iris; (0b) changes in pu- 
pillary size and shape; (c) immobility of 
one pupil. 

In ocular lymphomatosis, the change from 
the orange bay to a pearl gray which usual- 
ly occurs is due to a disturbance of the 
factors responsible for normal eye color. 
Symptomologically, the iridic color may be 
altered in diffuse areas, or the entire iris 


Fig. 5—Constriction and irregularity of the pupil and gray coloration of the iris. x2. 


Fig. 6—Diffuse infiltration of the pecten and focus of lymphoid cells in the optic nerve. «100. 
Fig. 7—Fibrosis of the choroidea, Mallory's triple stain. «100. 
Fig. 8—Neural and perineural infiltration in the choroidea. «1/00. 
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may undergo a uniform transchromation 
gradually and completely. The nonpig- 
mented invading cells give a slate blue or 
grayish cast not unlike the scleral wali 
itself. The normal pigment factors in com- 
bination with the tumor tissue may pro- 
duce a wide variation in hue, intensity, and 
cLaracter of the color, as viewed on ex- 
amination. The infiltrative process may ap- 
pear to begin at either the pupillary or 
sclerotic borders of the iris. Patterson 
et al.,'* Seagar,** Lee et al.,1* Madsen,'® and 
McClary and Upp"? seem to favor the opin- 
ion that the infiltration begins at the pu- 
pillary border. The scleral border of the 
iris may be a distinct slate blue color, while 
the middle and pupillary borders still re- 
tain the orange bay color. In reviewing the 
histopathology and considering the rich 
capillary network of iridic vessels, it would 
seem logical that the infiltrating process 
may begin at any given point, or may be 
simultaneously diffuse in affecting the iris. 
In many cases, the yellow pigment appears 
to become concentrated in a ringlike ar- 
rangement midway between the two bor- 
ders. This may be due to mechanical dis- 
placement. However, the pigment form in 
the oily fat base would not suggest the 
feasibility of such a process. Jaensch and 
Lerche’ studied at some length the means 
of removal of the yellow pigment, finally 
concluding that it may depart from its 
iridic residence by way of the anterior 
chamber. It would seem more logical that 
the process of depigmentation is a reduc- 
tion process such as occurs in the caro- 
tenoid pigments in other body tissues 
(Palmer?*). 

Color changes, however, are not sufficient 
evidence for the clinical diagnosis of the 
manifestation. Changes in the size of the 
pupil, its shape, and lack of movement are 
essential features for accuracy in clinical 
diagnosis. 

In the living, adult bird, the normal pupil 
is a nearly perfect circle, varying in size 
from 3 to 4 mm. in diameter. Its freedom 
of action, suspended in the fluids of the 
eye, is remarkable. In the iris involved 
with a surplus of tumor cells and edema, 
the pupil is most frequently constricted— 


ir. some cases, complete occlusion occurs. 
The narrowed pupil may be irregular in 
outline, assuming many variations in shape, 
Likewise, the pupil may become eccentric 
in position. Acquired colobomas have been 
observed. These slit-like shapes of the pupil 
may be distinguished from congenital colo- 
bomas, according to Oakley,*® by the sharp- 
ness of the “cleft” points. In ocular lympho- 
matosis, the points are less acutely sharp 
than in the congenital syndrome. Often- 
times, the irregularity of the pupillary out- 
line cannot be detected easily with the 
unaided eye, but in such cases, a light 
directed into the inner eye facilitates the 
detection of slight irregularities in the 
black-pigmented pupillary margin. In some 
cases of ocular lymphomatosis, the pupil 
remains unimpaired. These cases cannot be 
diagnosed with accuracy, clinically, even 
though the bird appears to have faulty 
vision, but may be taken to suggest a lesion 
in some other vital structure. 

Immobility of the pupil usually accom- 
panies the alteration in shape. In colobomas 
which are the result of this disease, some 
movement may take place. The nonrespon- 
sive pupil most frequently is constricted 
and does not dilate on death, as in the case 
of the normal eye (fig. 5). 


Patches of reddish brown to dark, brown- 
ish black pigment are sometimes seen in 
the iris. Such an iris has not been exam- 
ined histologically, and it cannot be stated 
whether these areas are due to melanin pig- 
ment migration from the posterior iris sur- 
face, or are unabsorbed hematomas result- 
ing from intrairidic hemorrhage. 

In the advanced stage, symptoms such as 
exudations, turbidity of the anterior cham- 
ber, and synechia may remain as carry- 
overs from the acute inflammatory stage. 
In most cases, the fluids of the eye are clear 
in the gray-eye stage, a condition made pos- 
sible by the effigient drainage system of the 
anterior chamber. When the exudation upon 
the iris surfaces or into the anterior cham- 
ber has been severe, remnants of the exu- 
date, or disintegrated tissue particles may 
be seen in the anterior chamber. Both an- 


terior and posterior synechia have been 
observed—the posterior attachment more 
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commonly than the iridic-corneal adhesions. 
In one advanced case, fragments of the 
melanin pigment tissue were seen in the 
anterior chamber. Upon ophthalmoscopic 
examination, it was apparent that the pu- 
pilary margin and posterior pigment 
epithelium of the iris had disintegrated and 
were lacking. In this case, the heavily in- 
filtrated irises appeared translucent on re- 
fraction. 

Opacities of the cornea may exist under 
two distinct processes. In glaucomas, the 
iris and lens may be forced forward until 
the thickened iris is in continuous prox- 
imity with the cornea and in these cases 
infiltration of the cornea may occur by 
mechanical extension of the tumor. Similar 
extension of the infiltrative process has 
been observed in contiguous tissues in cases 
of visceral lymphomatosis. The other type 
of corneal opacity is due to vascularization 
of the cornea, possibly following traumatic 
injuries. The relationship to ocular lympho- 
matosis is borne out by histological exam- 
ination. In one case, the siight clinical 
opacity of the cornea upon close examina- 
tion revealed blood vessels. 

Impaired vision and, frequently, blind- 
ness result from the stricture of the pupil- 
lary opening. Blindness may also occur 
from involvement of other deeper struc- 
tures, such as the choroidea, optic nerve, 
ciliary ganglion, humor opacities, etc. 

Occasionally, an exophthalmos condition 
is seen, due to tumor formation in the peri- 
orbital tissues medial to the bulb. Such 
cases may seem glaucomatous, but on ex- 
amination, the corneal curvature appears 
normal and by palpation the entire globe 
may be found outwardly displaced. 

Histopathology of Advanced Stage.—In 
the advanced stage, the inflammatory re- 
actions in the uvea have receded, but the 
damage to the architecture of the eye may 
remain. Within limits, the tumor develop- 
ment of the inner eye does not appear to 
advance beyond fairly definite limits. This 
cannot be said of visceral tumors, such as 
hepatolymphomatoses. The process in the 
iris especially appears to be self-limiting 
due to atrophy of the blood vessels of the 
affected structure. 


Iris and Ciliary Body.—The qualitative 
changes in the iris and ciliary body are 
dependent directly on the quantitative de- 
gree of infiltration (fig. 2). This does not 
always apply to the chromatic changes, 
which are observed grossly. In some cases, 
birds with typically gray eyes, when ob- 
served clinically, may have only moderate 
degrees of infiltration when examined mi- 
croscopically. Probably partially due to 
fixation processes, in irises densely infil- 
trated and thickened, the organ appears to 
be “jammed” between the crystalline lens 
and the cornea. It is obvious, however, 
from both ophthalmoscopic and histopatho- 
logic examination, that both anterior and 
posterior synechia may be formed. These 
synechia are due to a combination of fac- 
tors: (1) the thickening of the iris and its 
apparent immobility; (2) the exudative ma- 
terials on the surfaces of the iris; (3) the 
pressure of the vitreous humor against the 
lens, pushing the entire iris structure for- 
ward, which in turn is possibly due to stop- 
page of the canal of Schlemm in the inner 
limbus area. Inasmuch as the source of 
supply for the fluids of the inner eye is 
believed to pve largely from the pectinate 
vessels, the pressure would thus be exerted 
from the vitreous humor. Emoto and Miya- 
moto® have observed fibroses in the termi- 
nal stages of this disease, involving the 
iris and choroidea. As described earlier, 
the immobility of iris is probably due, in 
the earlier stages, to mechanical interfer- 
ence of the lymphoid cells. In long standing 
cases there appears to be a loss of the 
sphincter muscle fibers by necrosis and ab- 
sorption. However, even though the muscle 
fibers are not destroyed, normal vacillation 
would not be possible with the dense in- 
filtration in the normally delicate stroma of 
the iris. The infiltration in the ciliary body 
may be loose, and only moderate in degree, 
or the cells may be packed in the inter- 
stitial spaces below the pigment epithelium 
(fig. 3). They may also invade the ciliary 
processes. Occasionally, the pathological 
cells may be found in the vitreous humor 
adjacent to the epithelium lining the ciliary 
body. The choroid layer (fig. 8) is fre- 
quently seen affected in cases which show 
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iridic infiltration. In fact, when infiltration 
is present in any part of the uveal tract, 
the iris, ciliary body, and choroidea are 
usually all affected in varying degrees. In 
some cases, the cells may be accumulated 
in such masses in the choroid that the retina 
is displaced inwardly. In cases of infiltra- 
tion of the iris and ciliary body, the pig- 
ment epithelium may be disrupted, with 
migration of the pigment cells deeper into 
the adjoining tissue. Occasionally, fibrosis 
(fig. 7) has been observed in the choroid 
and ciliary body. In one case, the fibrotic 
choroid was observed to be twice as thick 
as the cartilage layer of the sclera. 


Pecten.—Only in extremely advanced 
cases, where many of the structures are 
involved, is the pecten infiltrated with 
lymphoid cells (fig. 6). The lymphoid cells 
infiltrate the perivascular areas in the 
scanty stroma, displacing the pigment in 
certain areas and increasing the thickness 
of the normally thin-walled flutes. In cases 
of extensive ‘nfiltration of the pecten, the 
pathological cells, likewise, are found in the 
surrounding vitreous humor. 


Refractive Mediums.—a) Cornea: The 
cornea has been found infiltrated in but 
relatively few cases. It appears that in- 
filtration of the cornea may take place by 
one of two distinct methods: (1) by 
mechanical extension of the tumor, in cases 
of anterior synechia from the iris, and (2) 
following vascularization of the cornea. In 
all probability, the vascularization of the 
cornea is the result of trauma, and after 
the blood vessels are formed, infiltration 
may take place. This unique situation might 
suggest the means by which the pathological 
cells appear at the site of the involved area. 
Only the substantia propria, which lies be- 
tween the membrane of Descemet and Bow- 
man’s membrane, has been found infiltrated 
in the cases of vascularized corneas. Often- 
times, the fibrous layer of the sclera is 
heavily infiltrated in the limbus area, near 
the medial border of the scleral plates, and 
the infiltration may extend slightly into 
the corneal tissue. Infiltrations of the cor- 
nea, when they do occur, may be observed 
clinically in the form of slight opacities. 
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b) The Aqueous Humor: Although exu 
date is seen in the anterior chamber, clin- 
ically, it may not be demonstrable in his- 
tological sections because of loss of the 
material during processing of the tissues. 
However, occasionally in heavy infiltrations 
of the iris, loose, isolated cells are seen in 
the anterior chamber. This could, of course, 
be due to manipulation during the fixing 
and sectioning of the eye. Heavy infiltra- 
tion has been observed in the borders of 
the anterior chamber near the canal of 
Schlemm. The walls of the canal in such 
cases may impinge upon the lumen and thus 
interfere with drainage of the anterior 
chamber, resulting in secondary glaucoma. 


c) Pupillary Opening: As described un- 
der symptoms, complete occlusion of the 
pupil is seen occasionally. This appears to 
result from the extensions of the pupillary 
border by fibrous tissue, to form a reticu- 
lum over the opening, with a thickening 
and filling in occurring later. 


d) Crystalline Lens: No involvement of 
the lens itself has been observed micro- 
scopically. Frequently, this part of the eye 
is lost due to the difficulty in sectioning. 
The anterior border of the lens may be ad- 
hered to the posterior surface of the iris. 
No other pathological lesion has been ob- 
served involving the crystalline lens. 


e) Vitreous Humor: The vitreous is not 
ordinarily affected in lymphomatosis of the 
eye. However, in cases where heavy infil- 
tration of the pecten occurs, the pathologi- 
cal cells may be seen in the vitreous 
provided it is not lost in the fixation 
process. In one case, which showed ex- 
tremely heavy infiltration in all of the vas- 
cularized tissues of the eye, the vitreous 
appeared to be coagulated and contained 
many of the pathological cells. 


f) Retina: In no case have we seen in- 
volvement of the retina by infiltration. The 
retina in the chicken is avascular, and since 
the infiltration in any organ appears to 
begin in the perivascular area, the absence 
of blood vessels probably accounts for the 
immunity of this structure to infiltration. 
It is conceivable, however, that the retina 
might be involved by extension from the 
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scular tunic. In the many cases which 
ave shown very heavy thickening of the 
horoidea with lymphoid cells, penetration 
f the pigment layer of the retina has not 
een observed. 


Supporting Parts and Accessories.—a) 
Sclera: Quantitatively, all degrees of in- 
filtration have been seen in the sclera and 
the adjacent fissues. As previously men- 
tioned, the limbus area at the medial edge 
if the scleral plates has been seen infil- 
trated, and this applies also to the fibrous 
tissue just external to the scleral plates. 
Likewise, in this region, the fibrous and 
muscle tissue between the scleral plates and 
ciliary body has been observed involved, 
particularly the region of Crampton’s and 
Muller’s muscles (fig. 4). Since Crampton’s 
muscle inserts on the inner limit of the 
cornea in the limbus area and has to do 
with accommodation, infiltration here would 
likely impair the function of accommoda- 
tion in the involved eye. The fibrous layer 
which covers the cartilagenous layer of the 
sclera may be infiltrated in various parts of 
the circumference of the globe. The car- 
tilage itself is never infiltrated, although, 
at points perforated by blood vessels, it 
may hold the pathological cells in the space 
between the vessel wall and the cartilage. 
Varying degrees of perivascular infiltra- 
tion have been observed in the lids, 
involving both the bulbar and palpebral 
conjunctiva. Occasionally, the membrana 
nictitans contains moderate cellular aggre- 
vations, but has not been found extensively 
affected. 


b) Nerves: A detailed study of the 
nerves of the eye has not been made. Focal 
and diffuse infiltrations of the optic nerve 
have been seen, but not beyond the optic 
dise in the nerve-fiber layer of the retina. 
Occasionally, a section of the ciliary nerve 

seen in the choroid layer, and we have 

und this nerve affected. 


c) Other Accessory Parts: Other acces- 
ry parts, such as the lids, the lachrymal 
land, and Harder’s gland have been found 
ffusely infiltrated, and this applies also 
) the periorbital fat and the ocular mus- 
ces, Retrobulbar tumors, which clinically 


may produce a proptosis or a pseudoptosis, 
are not infrequently observed. These tu- 
mors are at times so densely packed with 
the cells that the normal architecture of 
the tissue is lost. 

In summarizing the histopathology, one 
might say in general that any of the vas- 
cular tissues of the eye may be involved 
with the pathological aggregations of 
lymphoid cells. Also, in general the avas- 
cular tissues have not been found affected, 
except in the few cases where 
vascularization preceded the _ infiltration. 
The avascular tissues of the chicken eye 
include the cornea, the lens, and the retina. 
The firm tissues, including the scleral 
plates, the os opticus, and the cartilagenous 
layer of the sclera, have not been found in- 
volved, nor have the os opticus or the scleral 
plates been seen affected in osteopetrotic 
lymphomatosis. 


DISCUSSION AND SUMMARY 


In consideration of the symptoms and 
pathological changes which are described 
for typical ocular lymphomatosis, it seems 
that this manifestation could hardly be con- 
fused with apparently normal gray eyes or 
autochthonous eye ailments as they may 
occur. That affected birds may have a part 
in the transmission of this disease is now 
generally accepted, and until this belief 
has been disproved, it seems logical to ad- 
vise persistent culling of flocks in which 
lymphomatosis occurs. Birds affected with 
the ocular form only may be especially haz- 
ardous as breeders, inasmuch as they fre- 
quently continue to produce eggs for long 
periods. 

Iridic chromatism is not sufficient evi- 
dence for a clinical diagnosis of ocular 
lymphomatosis. The symptoms of inflam- 
mation in the early stages, although ap- 
plicable to iritis from other causes, should 
be given consideration. Likewise, in the 
advanced stages, the size, shape, and re- 
action of the pupil are most typical and 
significant in diagnosing the syndrome. 

In this country, no disease of the chicken 
eye with similar symptomological and 
pathological findings has been reported. 
Ocular lymphomatosis is confused mainly 
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with so-called genetic gray eyes. 

In this discussion, periorbital lesions 
have not been separated from eye involve- 
ment because, frequently, lesions in the 
ocular muscles, periorbital fat, etc., are 
found simultaneously with inner eye lesions. 


The question of whether the eye mani- 
festation of lymphomatosis should be con- 
sidered a “type” is alluded to. Although 
convenient from the standpoint of discus- 
sion, the term “ocular lymphomatosis” 
should not be taken to indicate dissimilarity 
from the visceral and nerve types on an 
etiological or pathological basis. 
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